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SEEFAR: AN IMPROVED MODEL FOR PRODUCING LINE-OF-OF-SIGHT-MAPS

1. INTRODUCTION

A line-of-sight map, or intervisibility plot, is a graphical representa-
tion of those portions of a geographical area which are visible to a given
observer. (The term "visible" throughout this report refers to the existence
of line of sight from an observation point to a target point which is uninter-
rupted by intervening terrain ur obstacles.) These maps may be as shown in
Figure 1, where the hatched portions represent those areas in which a target
of a given height would be obscured. Targets i-n the blank portions would be_
visible. Or the maps may be shown as in Figure 2, where multiple target
heights are considered. Each symbol represents a particular target height.
A symbol plotted in a certain area indicates that targets of the associated
height (or higher) located in this area are visible to the observer. For ex-
ample, in Figure 2 a target 10 meters high (or higher) would be visible to the
indicated observer if located at the point with UTM (Universal Transverse
Mercalor Projection) coordinates (554500, 5612600).

A number of computer programs are available for providing these maps;
most of these programs are based on the algorithm described as "an intuitive
approach" in this report. LOSMAP is one such program available at USAMSAA.
Use of an alternate algorithm, however, has resulted in a considerable re-
duction in both the memory requirements and compute time. An implementation
of this algorithm, called SEEFAR, is included in Appendix A. The purpose of
this report is to describe the basic SEEFAR algorithm and to compare it tothe LOSMAP approach.

Line-of-sight maps have proved particularly useful in the development of
combat scenarios for selecting reasonable observer positions and tactically
sound attack routes. These maps can be useful to the wargamer, to the tac-
tician in the field, and to the test plan developer. Additionally, they may
he helpful in developing desirable weapon system characteristics. For example,
it would be fruitless to develop a weapon system requiring line of sight with
a range of 10 kilometers to be used in an area where observers typically can-
not see a target at further than 5 kilometers.

The information required to produce these maps is of three types. First,
the positional relationship between the map and observer must be specified.
An area of interest is denoted by its extreme rectangular coordinates. The
observer's position must be within this area. Secondly, heights of the ob-
server and the target are required. The target height is the height of that
point on the target that must be seen before the target is considered visible;
the observer height designates the eye or sensor position above the ground.
Finally, the actual terrain elevations along with any ancillary terrain data

must be supplied.

The Defense Mapping Agency (DMA) digitized terrain data fulfill the third
information requirement. These data were created by extracting elevations
from con-cour lines on 1:50000 scale contour maps. Then, through planar inter-
polation, elevations were obtained at 12.5-meter intervals. This information
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is supplied on magnetic tapes as south-to-north strings of data sweeping from

west to east. The term scanline, or scan, throughout this paper will denote
a south-to-north string of information. Thus, the DMA data is a set of eleva- I
tion scanlines. Additionally, an indication of the presence of a forest,
orchard or urban area has been included with each elevation.
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2. AN INTUITIVE LINE-OF-SIGHT ALGORITHM (LOSMAP)

2.1 Algorithm Description.

Now, given.the-information described in the previous section, suppose
we wish to produce a map like that in Figure 1. Basically, at evenly spaced
intervals thoughout the area of interest the question must be asked, "Can the
observer see the target if it is at this spot?" A reasonable approach to

answering this question is to draw the terrain profile between the observer and

the target, then draw the line from the observer eyeball to the target point
and determine whether the terrain profile interrupts that observer-target line.
If there is no interruption, line of sight exists; otherwise, this spot is not
visible.

In Figure 3 the observer and target are depicted in the array of
digitized elevations. As the figure indicates, at each point where the line
between observer and target crosses a grid line, linear interpolation is used
to find another heiqht on the desired profile. As the profile is thus being
constructed, a comparison is made between the elevation of each new point on
the profile and the corresponding height of the line drawn from the observer
eyeball to the target point. If the profile height is ever the larger of the
two heights, line of sight does not exist; otherwise, line of sight does exit.

Of course this is a simplification of the problem. Because the pre-
sence of vegetation and urban areas can have a major impact on visibility for
an observer, it is generally desirable to use the DMA vegetation/urban in-
dicators. For example, while constructing the profile an appropriate height
increment may be added to the profile if it runs through trees or towns. Fur-
ther, the effect of earth curvature must be considered. If multi~ple target
heights are considered, some accounting method must be used to keep track of
the minimum visible target height. This brief description gives enough infor-
mation to point out the major problems with the algorithm: computer space
and time requirements.

2.2 Problems Encountered: Storage and Compute Time

As long as the area of interest is small, there is no problem. The
use of high speed computers enables one to perform the required calculations
with ease.

Notice, however, that this algorithm requires easy access to elevations

in the entire area of interest. For each target point, an observer-to-target
profile is constructed, requiring the elevations of many intervening points.
Consider making a 6 x 6 kilometer map. If a 12.5-meter grid is used, an array
of elevations dimensioned 481 x 481 is needed. Storing une elevation per word
would require 231,361 words of memory for the elevation array alone! This pro-
blem can be somewhat alleviated by using a thinned grid of 25, 50 or even 100
meters. While this thinning may result "in more inaccuracy, the outcome is often•

deemed adequate. Further, these elevations may be packed into the elevation
array several at a time thereby decreasing the required storage even more. But,
inevitably, as the size of the area that can be handled is increased, a problem
is encountered that requires an area slightly larger. Some have solved the

5 .
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storage problem by swapping data in and out of memory as needed. This, however,
is rather cumbersome and will tremendously increase input-output time require-
ments. As one becomes concerned with larger areas of interest, as in air-to-
ground and air-to-air intervisibility st dies, this storage problem must be
faced some other way.

Another problem to consider is that of compute time. If one needs a
simple line-of-sight map like that in Figure 1, it is hard to predict exactly
how many calculations will be performed. For each point on the map a profile
must be started, so for an n x n map, at least n calculations will be performed.
If the profile interrupt is encountered early, few extra calculations will be
needed. But, when line of sight to the target point exists, the entire profile
must be constructed and each height comparison must be performed. With maps
like that in Figure 2, considering multiple target heights, it becomes more
likely that the entire profile must be constructed for epery target point. The

required number of calculations would then be of order n (See Appendix Cl).
For large areas, this could easily be a prohibitively expensive algorithm.

7
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3. DYNAMIC PROGRAMMING ALGORITHM (SEEFAR)

3.1 Algorithm Description.

A. One Ray. Now consider an alternate approach to the development
of line-of-sight maps. How should line-of-sight calculations be performed if
all the target positiuns lay along one line? For each target position along
thp ray the question must be answered, "How high must the target be raised tohe seen?" But it hardly seems necessary to draw a new profile for each target

position. Instead, one might choose to work from the observer out, extending
the profile to each new target position, not keeping track of all the previ-
ously encountered elevations but simply updating the effect of the maximum
interrupt encountered thus far as new interrupts are encountered. This maxi-
mum interrupt effect projected to the current target position is essentially
the minimum target height required to overcome the effect of terrain between
the observer and the target. This height can be thought of as a running
horizon, running in the sense that it must be updated as target positions move
further from the observer.

For each target position, then, the following procedure could be
followed:

(1) Check to see if the current target position is above or below
the current horizon (i.e., in or out of view)

(2) Plot the results

(3) Update the running horizon to reflect its movement outward, and
any greater interrupts encountered. (This new horizon value will be used in
the line of sight calcuation for the next target position.)

Consider now this running horizon, or maximum interrupt effect. Fig-
ure 4 demonstrates maximum interrupts, how they can change as the profile is
extended, and how their corresponding projected effect must continually be up-
dated. The maximum interrupt effect must be updated both as new interrupts
are encountered and as the target position is changed. A comparison of Figures
4A and 4B demonstrates the need to update the running horizon as greater inter-
rupts are encouintered. Considering Figures 4B and 4C, it can be seen that the
effect of the maximum interrupt will vary for different target positions even
though the maximum itself may remain the same. One should further note that,
as shown in Figure 5, the maximum interrupt is not necessarily the terrainprofile with the highest elevation.

This procedure has several nice features. First, because it is not
necessary to draw a new profile for each target position, fewer steps are re-
quired. Further, it is not necessary to store all the elevations between the
observer and the target to determine Whether line of sight exists. The ele-
vation of the current target position and the horizon effect are the only
-values needed. This method can be extended to produce a full map, rather than
a single ray, greatly reducing the storage and compute time problems.

L 8
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B. Full Map.

(1) Radial Map. Now how can this one-dimensional algorithm
be expanded to two dimensions? One approach would be to produce a radial
line-of-sight map, extending many profiles out from the observer. Certainly
if line-of-sight information can be produced for one ray as described in the
previous section, it would be a simple matter to project rays from the observor
at small equally-space angle increments, combine the results and produce a
two-dimensional map. With this method, however, the line-of-sight information
would be very closely spaced near the observer and more widely spaced farther
from the observer. As the profiles got further apart the likelihood of miss-
ing an important terrain feature would increase. Assuming, then, that evenly
spaced data is more desirable, another method must be devised to produce the
two-dimensional maps.

(2) Rectangular Map. As in the ray method the approach will

be to work from the observer out (i.e., from the observer eastward, then from
the observer westward), keeping track of a running horizon. But this time in-
stead of having a running horizon point, there will be a south-to-north string
of running horizon points (a horizon scanline) sweeping outward from the ob-
server as the calculations are performed.

Remember, the map is actually a lattice of target spots. The goal
is to determine for each target spot the value that denotes how high a target
must be to be seen. Let HOWHI(i) be the height the ith target must be raised
to be seen. If the target height is less than HOWHI(i) it cannot be seen;
otherwise it can. The following sections describe a method for obtaining
describe a method for obtaining these HOWHI(i)'s. In order to reach this
goal one must continually keep up with HORIZON(i), the effect of the maximum
interrupt encountered between the observer and the current target position.

FJ
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Scans Closest to Observer

Because the plan is to work outward from the observer, the
first step is to perform calculations for the two target scanlines
closest to the observer. In checking for line of sight to the points
on these scans, the first iterations of the east-running horizon and
west-running horizon must also be formed. Figure 6 will help illustrate
this procedure.

Consider the point IR (as in Figure 6A). First determine how
high a target must be to be seen at position IR. There are obviously no
terrain profile elevations between the observer and this point, so one
might automatically say HOWHI(1R) = 0. But if forests and urban areas
are to be considered a check must be made to determine whether such an
obstacle is located at IR. If so, HOWHI(1R) = 0 + HVEG(1R) where HVEG
is the height of the obstacle. If the target height is less than HOWHI(1R),
a target at IR cannot be seen and the appropriate symbol must be plotted.

But more must be done at this position. The running horizon value at iR
must be determined. The highest elevation (vegetation and urban included)

encountered between the observer and IR is simply the elevation at 1R
(there are no elevations given elsewhere) plus the obstacle height at 1R.
Thus, HO-RIZON (IR) = E(1R) + HVEG(1R) where E(1R) is the terrain elevation
at 1R. A similar procedure for position IL results in HOWHI(1L)
0 + HVEG(1L) and HORIZON(1L) = E (IL) + HVEG(1L).

Now consider the point 2R (as in Figure 6B). Determine the
maximum elevation encountered between the observer and position 2R. This
is the horizon value at (X,Y), i.e., Z, where Z is the linear interpolation
between the horizon at IL and the horizon at IR (See Appendix BI for a dis-
cussion of the calculation of X,Y, & Z). Now project this Z value to the
position 2R, obtaining Z'(2R) (as described in Appendix B2). In order to
be seen, the target point must be higher than Z'(2R), so HOWHI(2R)
Z'(2R)-E(2R). In addition the vegetation must be considered. To guarantee
the tar et is above the ground HOWHI(2R) must be the maximum of either
HVEG(2R) or Z'(2R)-E(2R). Once HOWHI is determined the proper symbol is
plotted for this point. Now the horizon at 2R must be computed. The
horizon will simply be the maximum of (the projection of the old horizon
to 2R) and (the current elevation, vegetation/urban included).

That is, HORIZON(2R) = MAX (Z'(2R), E(2R) + HVEG(2R)

Similarly, HOWHI(2L) = MAX (Z'(2L) - E(2L), HVEG(2L) )

and HORIZON(2L) = MAX (Z'(2L), E(2L) + HVEG(2L).

In general, for the ith point above the observer (See Figure 6C)

HOWHI(i) = MAX (Z'(i) - E (i), HVEG(i))

and HORIZON(i) = MAX (Z'(i), E(i) + HVEG(i)).

Points south of the observer should be handled in a manner similar to
those north of the observer, resulting in identical equations for HOWHI(i)
and HORIZON(i). i

12
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Scans East of Observer

Consider scanline R in Figure 7A, consisting of points
(...OR2 , 1R2, 2R2 , 3R2, ... (n21)R 2, nR2 ). In order to obtain HOWHI's
for this line, only tge horizon values for scanline R and the terrain
elevations for Scanline R2 are needed. Working upward from the observer,
the first target point to consider is IR . Check the terrain elevation
at 1R This must be compared with the gffect of the maximum interrupt
encouhtered earlier (the horizon effect). The intersection of the
observer-target line with the line of known horizon values closest to
the target is at (X,Y). A linear interpolation between HORIZON(1R)and HORIZON(OR) will provide Z, the horizon height at (X,Y). Project Zto IR2 , obtaining Z' (1R2 ). Then

HOUHI(1R 2 ) = MAX (Z'(1R2 ) - E(1R2 ), HVEG(1R 2 ))
and HORIZON (1R2 ) MAX (Z'(1R2 ), E(1R2 ) + HVEG(1R 2 )).

Similarly, using Figure 7B, the appropriate values for point
2R2 can be determined. '12

Figure 7C depicts a variation in this method. The observer-
target line intersection with the line of known horizon values closest
to the target is not along line R, but rather at a point (XY) between
target points 2R and 2R2 . In this case the HOWHI and HORIZON equations
are as follows:H 2  '

HOWHI(3R 2 ) = MAX(Z'(3R 2 ) - E(3R2 ) , HVEG(3R 2 )).

HORIZON(3R2) = MAXIZ,3R2) + E(3R2) + HVEG(3R2))"

Thus the intersection of the observer-target line with the closest I
vertical horizon scan line is not necessarily the intersection of in-
terest. The explanation in Appendix Bi for deriving X, Y and Z takes
both of the cases into account.

I14
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Scans West of Observer I
In general, for points east of the observer

HOWHI(i) = MAX (Z'(i) - E(i), HVEG(i) )
HORIZON(i) = MAX (Z'(i), E(i) + HVEG(i) )

By simply reversing directions and starting with the horizon values
corresponding to scanline L (calculated while working with scans closest
to the observer) the same equations are found to apply to points west
of the observer. Variations in the computation of values (X,Y,Z) in
determining horizon effects are all accounted for in Appendix BI.

'T L
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Algorithm Outine

In short, the map can be thought of as a lattice of equaily spaced
target positions. These are the points for which terrain elevations are
available and can be thought of as south-to-north strings of target
positions, or target scanlines. The following provides a general outline
of the flow of the algorithm:f-

FIND AND PLOT LINE OF SIGHT INFORMATION FOR SCANS CLOSEST TO OBSERVER,
WHILE CREATING ORIGINAL HORIZONS EAST AND WEST OF OBSERVER.

FOR SCANS FROM OBSERVER TO SIDE BOUNDARY (FIRST EASTWARD THEN
WESTWARD DO:

READ ELEVATIONS FOR SCAN OF INTEREST

FOR POINTS FROM OBSERVER NORTH THEN FROM OBSERVER SOUTH DO:

FIND INTERSECTION OF OBSERVER-TARGET LINE WITH HORIZON
LINE CLOSEST TO TARGET

INTERPOLATE BETWEEN KNOWN HORIZON VALUES TO OBTAIN HORIZON VALUE

PROJECT HORIZON VALUE TO CURRENT TARGET POSITION (TAKING INTO
ACCOUNT THE EFFECT OF EARTH CURVATURE)

COMPARE CURRENT ELEVATION WITH PROJECTED HORIZON TO DETERMINE
WHETHER LINE OF SIGHT EXISTS

UPDATE HORIZON VALUE

PLOT RESULTS

STOP

17
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3.2 Solution to Storage and Compute Time Problem.

A. Storage. The savings in storage requirements for the SEE-
FAR algorithm are considerable. The profile algorithm required all the
elevation data to be easily accessible, since many scans of data were
needed to produce each profile; the newer algorithm needs only the cur-
rent scanline of elevation data and the most recently updated horizon
information to perform the necessary computations. The amount of random
access memory required, then, is a function of the north-to-south di-
mension of the map rather than the area of the map. A map that is
100 x 50 kilometers in size would take no more main memory than a map
1 x 50 kilometers, given equal grid size. The nriginal algorithm would
have taken 100 times more storage. Maps that would have been virtually
impossible with the old algorithm are now quite possible. But if only
storage requirements are reduced, the reader may wonder whether the
machine time requirements would be prohibitive for production of these
larger maps. The savings in computing time resulting from this approach
must be considered.

B. Computing Time. As ýentioned earlier, the original al-
gorithm required on the order of n operations for an n x n sized map,
because each profile consists of many points, and each of these points
might have to be considered in a single line-of-sight calculation. The
newer algorithm, however, simply compares the current target elevation
with the horizon effect at the target point. Thus, a small fixed number
of calculations are required for efch target point on the map. This
algorithm is, then, of the order n for an n x n map. For maps of larger
sizes the computing time savings will be considerable. It can in many
instances be the difference between a map reasonably produced and one so
expensive in computation cost that its value to 2 the tactician or anlayst
cannot outweigh the expense. N~te that since n target points are in-
volved in an n x n map, order n is the minimum possible complexity. A
few examples of these differences are discussed in the following section.

1I
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4. COMPARISON OF MAPS RESULTING FROM EACH ALGORITHM

4.1 Discussion. The LOSMAP and SEEFAR algorithms discussed are
quite different in nature. While each uses a method of linear inter-
polation to get results, the intuitive method interpolates between known
elevations to get elevations along a profile, then checks to see if those
elevations interrupt line of sight. The dynamic prug§amming approach,
on the other hand, keeps up with the effect of maximum interrupts en-
countered via the horizon array. A linear interpolation is made between
horizon values to find a projection of the horizon to a specific target
point. It is not surprising to discover the results of these methods
are not always the same. But, while the "intuitive" LOSMAP •nethod de-
scribed uses interpolation and is therefore not an exact solution to the
line of sight problem, it would be disappointing to find large discrep-
ancies in the results of the two approaches. One would certainly hope
the results of a new approach would conform somewhat to those of an
intuitive method.

As it turns out, the results are quite similar. In fact, very
close inspection is generally required to distinguish differences in
line-of-sight maps with one target height. It is easier to detect dif-
ferences when multiple target heights are used. The SEEFAR approach
might at one time indicate a target visible that the LOSMAP approach in-
dicated nonvisible. Another time the reverse situation might occur. In
general, however, the boundaries of in-view and out-of-view areas do not
differ widely between algorithms. It should be added that, while the
dynamic programming approach may not be the first to come to mind when
tackling the line-of-sight problem, it is a reasonable approach, one
certainly not counter to intuition. And the 5avings in time and storage
cannot be ignored.

4.2 Sample Maps. The following pages will provide the reader an
opportunity to compare the results of the two algorithms.
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56113i I i l

56102~I I''I

5611111

5610t

504 505 506 507 508 509 510 .511 512 513 514 515 516

MAP OF POINTS V/ISIBL.E -TO A SINGLE CaSERVER
OBSRVFR CCORDINATES (505000. 55613000)
OBSERV; 4HEIGHT -2000.00
TARC.- HEIGHT - 1.50

Figure 0A, LOSMAP Algorithm
CompytoTime: .576 Soc.

MIA I!

5610 I'~~' 1~iII~I

5C4 505 506 507 501 509 510 511 512A 513 514 515 516

OBSERVER COORDINATES (505000. 5613000)
OBSERVER HEIGHT -2000.00
OBSERVER ID I

Figure 10B. SEEFAR Algorithm.
I&nputs Time: 20 Sec
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5. SUMMARY

5.1 Advantages of the SEEFAR Algorithm. The SEEFAR algorithm,
then, provides a method for generating line-of-sight maps (and thereby
obtaining intervisibility data) for a much larger area or for a smaller
grid than could reasonably be provided using the LOSMAP algorithm. 2This
dynamic programming approach results in an order of complexity of n2 for

an n x n map, which is the minimum that can be expected. Further, it
reduces the storage requirements such that only one scanline of elevation
data need be in memory at any one time. Thus, it is an order of magni-
tude better than the LOSMAP algorithm in both time and storage requirements.

5.2 The SEEFAR Program. Appendix Al contains a copy of the SEEFAR
program, an implementation of the algorithm discussed in this report.
It should be noted that the algorithm discussion is concerned with the
basic approach to the line-of-sight problem. The SEEFAR program has
several embellishments. First, if an observer is in a forest/urban area,
and the proper option is selected, SEEFAR will attempt to move the ob-
server out of the obstruction. Second, the ratio of visible-to-total
targets in a selected area of interest is given. Third, terrain data on:
as many as 12 DMA tapes can be merged and put into a direct access file.
Finally, the HOWHI array, which indicates for every target position how
high the target must be raised to be seen by the selected observer, can
be saved on a permanent file. This allows one, through short fast-
running programs, to vary target heights or merge line of sight data for
several observers obtaining maps which indicate areas visible to m-out-
of-n observers (1< m < n). These m-out-of-n maps, or composite maps,
are done by a separate program now, but could easily be provided via
the SEEFAR program.

5.3 Problems Remaining. There are line-of-sight data requirements
for which SEEFAR does not seem a viable alternative. For example, the
LOSPATH program, in use at AMSAA, checks along paths for line of sight.
To use SEEFAR for this problem one must generate a rectangular map con-
taining all the path points and then check for line of sight at appro-
priate points within the rectangle. Because SEEFAR builds on information
generated for all the points between the observer and the current target
position, it does not seem optimal when target points are in scattered
positions rather than at evenly spaced intervals within a rectangle of
interest.

The question of how much discrepancy to expect between the
LOSMAP and SEEFAR algorithms has not been determined analytically. This
may be of interest; but since each approach provides an interpolated
approximation to the line-of-sight problem, the value of such an analysis
is questionable.
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APPENDIX Al

SEEFAR PROGRAM

::-ET-. ZEA K( :'IPUT, 0fl7PU7, TAPr-p-:tI PIpITs T A PEoWUTP U Ty
70-Ci*' TAN TP'14 -AP7.O TAPII,' TA~lj

AN 7AE4, A, P I ,p # rU.0 TAP1 .7# TtP1 $pf~ TAýP-.19.

~ u~r. *~ARACT. ~1 7APCý3)

C

c PF.Ur'1CF..^ LTt'E Jr- z:Cltr %P 0:7ý!G rY, 4 Pr.LJGP.AfM'1(H;p ALGJF.:THM@
c LL;.2' o&TA (-wý: oY!FI ' : ,~y)(Aa4 eE -itRF.: OT::K :I7A. L.,T~r 'JOPK.

C C,. L C' LIAnS Fkt.CTI~IjCI (VTIýIB L; (', ( 1(t;! -VLI I C
C T~~.Ft I(~LD F Ti'." 7'.E.h DAL7 U T A 13 1( d U ) L !IT NA 7.T

C 7i. P L3 rhILDV 'o131,H: C'.,JA For,~ -Tr:JTRZ NAP.
C TAPC- ;ICLOP2 C40 :11,1,1

C AP ý-6 i 11. D2 PRI17Er) fUUiPU I
C ALL ) s, Cr~r c rx . U, W.71, 7iP2Z (Pfla1z-M2r.G.E
C

CotiliVit! I Chl ý/ t!14'~ 11'r
C 0N1.J -I¶T /PL`TT/ ~1A:,'1L) ZCiL..Zj 1TLTI7117 PLTHT( .O)p CLEo INV
C011fl-Wil /R:C/ vl:i: ( 4 )00)

Cutifll /:Z"/ dZ0LU(4J00),# ZflOIU(dt(.0O, ZLIJ-CP.(4000)
Cý.LL FSýICIIK IcI

c PU~T Pý'A L.A4Ch ItIT" DIR.:CT ACCý.Z. c-Lý. (UflIT 2)$
C ",rYr V.J(IMPAR',' Cf1UF,.D IA7" CORE' ZP . HC 1: TH LVIA CC')RO :!h.JL.,,

t~. ~ :L .VL J.Z (LV ill IV~ Y2 li3 HOT.8 ,i Lnn L;. I-]

rU I .~ LS :UL X.R PAI EAS SF T ( 0 , 1 ',T
tI.UýF. P.:' 1 LV(1'. :(W P If pxij mR cF.2Ll :ip Y in j J cCi41 v. P.

C
c PLT a FZLI::( R J-xr:lIF0o G.: c~~. COJRDHATE l or :~

It"L HAP7:n Oil, LHIJ:, PUT P.7i:, Il P* CcL:01 .

CALL F L T PL( XrIwiI:, COL1,* :07A'.) N

:r (IVAVE *LQ, . CALL H12~2 ,L:nnc) Y, ICflLI.-1)
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:f, ( oM'C sE 1) CALL WRPITlIS(3s HOlHIU)p NY* ICOLI)I

C**
C lLL IflUH: C PLUTPI U.i~EC1 LINE EAST or ooSurVP.

C ***'
T OLZ - ICOLl + 1
IrF (IC[lL2 OCT., lX) GO TO 450
11) 400 7(r[)L a C JL2* NY

vri 300 I - it my
ZVILDCI) a ZLAT"R(I)I

300 CUMTIILIE
L..ALL RCAtIIZ(2 ZlIOtUl)* NYs :CUL)
CALL 0flELMIICXJL FHWHI)
CALL PLTLN(HOWHIs IC0Ls ITGTAV)I
IF (:."AVL #Eno 1) CALL IIP.ZTMS(3* HOWHI(1)s NY* !COL)

4C(0 COMIT-whM
450 CUIIT4NIJE

C
'CULfl? - ýCOLI

:r (:c1lLt2 .LTi 1) GO TO (-00
ICUL w -CI~ 1
P1tl 50C Is MYa

(. L4T'P.UI) *LHOWIC(1)
50(l MfITI HUE

DU 700 I is1 ICOLII2
ICULL ICOL - 1

Uf) 6C00 j a I MY
ZýJLH* a ZLATER(J)+

600 CV9hITIt1UE

CALL. P.LAP)MS(2,p ZlUM()p NY* ICaL)I; CALL OtIELNU:COL* 11OU1I)
CALL PLTLIIHOWHX, ICtLU ITGTAV)
ir oIM E .Q* 1) CALL WRITMS(3s HOIUIC1M)o HYP ICOL)

41W 600 C UrlT~hI)Z

*:(:r,)X Us~C n) CALL Pfrxp..st

C**CALL PLTPGL

9r~o For.flA7(' LLEVAT:'1H (IF TERP.A:H 4~T OBZJCF.VEF. POSITION -*' F1001)

DI
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SUBROUTINE DCDfIAX CX,, Ys, IlEC)
C ***

C BY MONTE COLEMiAN
C RETURNIS X AND Y CoORDltIATCS Fpflt DATA r.CCoDP ALONtG WITH PECf2RflN

C ***
COMMO~t /DHACOH/ isur(700)o ITEMPC8O)D ITEM
rATA KSCALL/ 1*00O It YSCALE / 1.00/

C
CALL UhPACK (IBUF* :ITEMPP 10O)
t¶RCCslCVT(ITEMP(4)* 3)
X-FL04T(ICVT(ITCMP(?)j,2) )*>.SCALC
Y-FLOkTCICVT(:TLMP(9),Z) )*Y.CALL
PE TURNl
CMD
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SUBR(OUT:HE 'DCTIL (1511. ISER~, IED* XCOP.D YCOIR)I
C *
c BY WTCOEA
C DECODES A TAPE :D BLOCK
c ISH a-MAP WIEST IDEIITIFICATIOM
C ISi:R a MlAP 'CREf~S IDLIMF~ICATIOtf
C lED a MAP EDITIOtI IDENTIFICATIONI
C COVIIEK'h' IH ORD6r Slit tills tIE* SE

Cflt~mfti /DtcoiACDI/Iur(700o)o ITEPIPC8O)s ITEM

U*LL W~IPACK (IBUF* ITEtIP# 70)
C41.1. rDTATP. (ITC11P(7)v 12)

1.4k&CV'T(ITEf1P(67)* 6)
irD.wICVT(IT1iIP(73)* 6)
:YCu19
IXCNZ!-
flU 100 1- 1#4

xcoW.(i)-rLOIAT(:CVT( I¶ThP(,XC),6))*X'CALC
YcflP(i'.rL(nAT(ICVT(I6Trrtr(IYC),6))*YrwCALt
IXCuIXC412

IOU CWITIMUL
PkL TURN1

VATA 9XZCALC 1 C100 14 Y.PCALE / 1.00

A- 5



C BY'I BARBARA CUUJLME!
c I'VIMU' 711 06SCRV`-r. LL,(:
L.

C
C 0:Y2s 1) 3
c (Xr,VPL YA's LP)
C +@*b.*bO*S9%gbS

C

C

CU V . Y I I L I

c, 4 S

c

C
C
C *g'bBbbtSB6Sel 5

C1111111* ISCT(' ( lx0 - Xfly A )..~ PIlP) +2

IF.:C'vr + ILF7 4

:1d'OV + 401LL- o + I.

C**
i - Lforict + (:Lr7 - GKI1 1

* i.ci :Ii+ ~ Gr.:Dr.

r ~ ~ ~ ~ Y -i Y JF*.IUI', +Crfl - 'r,!r

YZaY*F!t + (:At~n, -, 2 ' or
'(3 a Y?

CALL FZ:Af1N~2j, LF7Z'CI(."Jv !IY, !LLVFT)
CtLL F - ADHy(20 I-TZCHL") W.', ir, Ir.C T) '

yC

Z3: -

Z4 - F.-, Ml( ULVLm1J) .
Z4 aZ4 - TVLG(74)

0 11 Zi1 + U('~ - r,!

A-6E
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Up ZZ '~((XOSS-X2)/GRIDR) *(Z3-ZZ)

ELVOBS *DOWN + ((yoBS-'YI)/GRIDR) *(UlP-DoWN)

RETURN
END

A-7



SUI)VOUTIME rI)TATP. ('AotI)
C *
C BY MUM'Or COLMI¶A1
c cumvEt,,, riCLD C'KT'A CtIUS.ACTP.eRl TO b:t.PLAY CfLO?.
C *

DO 100f tu1,fl
J-IA( 1)44

10 0; IT: MUE
P~LTUPJ1

c FAIELD DATA TO 0:"'PLY CUDL 7ASLL
ii.T A C. / 0 41P VOP V, p0, 45j, ,

*42, 3Cs 3", !5fl, 44P ," !',)p 4 3*
*3no 411 r~l Or,0 401 0*

27j S.'Co 29P 3()p 31s 32, 33t 3 fit
is3 r, 3bp r, Os 4)h 4 7,O 0,(/
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SUBF-flUTINE rRcZEcmXTGT# YTGTP IFGSYii)I

C rP' BARB~ARA BRUOI1E
c GETS NUMERATOR AND DOtiOINATOR FOR CALCULATING FkACTIUN Of' iREA
C or VIrRCRST. SEVtl BY OBSC.VER - CONSIDERING VAR~IOUSZ TARGET HEI 'H%

COMMION /PLTSTF/ tiAPIDP SCAM~, tIPLTHT& PLTHT(10)s iflBso INK.
CUIMCON /A',,N~cTr- RMIUN1o), K~IOM
c(htlinti~ /BOX/ t3XtiI~e LUXtIAX# BOYttINi 0tUItflAX* :BOx

C
c lF YOLU AREMIT III ARLA OF IfTtTRESTo DON'T DO AIIYTHIhMt - JUST PLTUFA
C *

11 (W2 GT *LT,. DOX14M1t) *ORv. MOTT oGT* BUlMAX) o.ue.
(YTGT vLTu 5(uYMtii .rp~o CYTOT *GTb 30YMAXfl RLTUPN

c ýr YOU CAHI'T SZE ANY TARGETS* ADD 1 TO DLMntlIIIATUR THLH RE TURNC
:r (:rGZ"ti *.GT* tIPLTHT) D0I0fl *DLtIUM+I
Tr (irG5Yt1 o'G, 14PLT)II) RETURN

IIC.A`Z 1IUERATop. Frop CAC!I TAROET IICGlIT THAT CAM BF-VC' SLt1 I
c :t1Cr'.Ek"L DLtlOfllhIAT~r..* TIILN rLTLPN

KP~ 10Loo: :mrozM tIPITIIT
RUlLltl(I) a PLIN(I) + 1.

rVIh1M *D0CH~t + 1
F-TUPJM

Fll



C *

C BY BARBARA WRfOM1

C CALCUILATE! HIOW111 FOP NCAN1 CLOSEST' 70 OB!1i'SVPYEI

COMtMI~ / ZZI ZflL(1 (4000), VZNUW(4000)i ZLiAT':F"('tOC)
COHM.Jfl I/tRLAI X(1R1Gll YtRIG1i, XSTOP), YSTOP
C11141011 /SCE/ XOBZt YOB.3Z: HUBZ, fBTPAtI

C~~tIN1011 / CaV , (Y

e:M!A L LHONUWH. ( 1)

c F:111 'CttNZ CLi1ZC~77 TO 'D.'LVLr 4, Lzr7, 11 . ZtJLDp F22GHT 11 MNOP

'&C 011 - INT C (MOBS -XOR:01`l + s 0OU01) / GPIDR) + 2

CALL RADM ( 2,p 711.1(1)1 llY, M11.1-1)

C
FIDIiOdil Fa r INT( (nj)f, -t p,,C, rill0 /HT GP.PP.

C FI*rF."T T110

YTGT - YOULICN+ (ITGTI - 1) * GF.IDR I
ZLATcr,(rTGT1)
LHOU11111MOT) 11IIT(T%'LC.(ZJ~.)L(1TGTJ)))
7OLD(ITCT2.) a INIT(ZOLD(ITGTI)A*
1TOTP. - !TOT! +2.
Tr (ITGTP2. GCTo. NY) GO) TO 12."
XTOT - >XTGT - GRIPR

C **ALL O~i:P'v
DO 1%)0 :TGT a :TGTIP.L, tiv

C * RIGHT 1IF oBAVFRVCR
XTO-7 - XTC.T + 01.:Kr.
ZP % IFI1(T '7 ';TG, :-67* 7-ULUs ;LACR)

HOUH (:TT) *ZP - 7t11'wl( :TT) +TVEC (Zl,!W( :TGT) )
LT * - 1fV-iTVFG(7tr~m!(IT0TM)

czjnflW - IMT( 7101U( !TOT))
ZLATCPU(TC11 - AfiAX1( ZPj, i:ZHOW)

C * LLrT or (]BrcrA'Lr.

4XTnT a X7CT - 6 V.Dr.F

ZP a ZPP.M11NXT6T* YTGTP 'TGT, ZLATEP., ZOLO) I
LflOJW'II(ITCT) ZP (/'nLD(:TGT)- TVIC( Z6U LLIMUM)

L700D INr(701-(rrT6)) I
ZOLE-(ITC-T) - AMAX1(ZP* LZULP)

100 CIIIT:MUL

C rihLc HUIM1 11i F. 7f-,PLL1 OR. LL'VEL UITII O(~o ON BOTH SCAN'S

A-10
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Id"." 1TC.T11" ITCTI1 .TTUNXrcT - XOR.IGN + (:COLI - 1) *GR:Di.
Y'iGT - YdFRIUM +. (lTGTfl - 1.) * GRIDR~

c 4*PUINT.ý HORUMITAL TO (IN04s IF THIEY EXIST
IF (ABZ(YTGT - Y3BS) oGT. .00001) 00 Tn 150
1101lUIII( TTGTN)I u 11IT(TVLGCZIIOW(ITGTMI)))
47LATuL.(:rTn1h) - !lIT(7.UOUUlTGThl))
LI110111INTGT111) - IllT(T'tG( ZlLD( ITGTtl) )
7IjLD(ITGTMl) - IlIT(ZJLD(IT~rjTI))
!T(;TI]. - 1TOTII. - I.
XTGT - XOIN + ("COL2. 1 ) * RID.I
YTGT - YURICN + (ITGT~2. 1) GRILW
'61 (!TGTM. ,LTl 1) GO TO %C)0

C r* FIr..'T TWO P'CLOW

LI.ATCP.( ITGTIII) - ItlT(Z~lOW(ITGTM2.))
L1.1ilI)II (: TGTI11) - :tlT vME(ZOLM(ITGTN:1)
ZOLb(I'rGT111) - !NT (ZOLD(:TGTIII))
IT(CTMi - ITC.TM1 - 1
":TGT - ITGT~II
XýTC-T - X-'TGT - or ITp)

I F (IrrT M .' ,,LT ,, 1) C(L0 T O 300I
C ~*i.L 1. IT, :EF2

DU] 200 J *1j, :TGTtIZ
!TO ITGT - 1

YTOT -YTCT - C'Il
L h~ 1'.1011T jr or,f rJ'E ! I

*P !PR:HýM(XTGTi YTGTr !TGT, ZOLD# "LATER)
1I[4111I1(ITC.T) -- I- - (171Wu( :TGT) - TV-Lý(7AIOWC ITOjT))hi * :NT(T"cc.(Z7110N GT7GI
IflwII:.(ITCT) - tIIAX2AII9UHI(ITGT), LTV[G)

UlZMEW - IflT( 'iMucITOT-))
:L/.7Lr.iTGT) - AIIAY)Z(ZPy 4*7 NOW)

C LIFrT UF DEBV[PVLI.

XTCT - XTGT - GRIDR
"P- r'P:IlMrl7'?Tj V'TCTI :'rTs ZLIAThg. ZULD)

LII JI(IT71' r- (ZOLPr(ITGT) -- TVLG(ZflLD(lTC-TM)

L'DD- .ftr( ULD( p07))
7 OLD(ITCT) *All4Xl.(,Pt iLlL(D)

A-li



C SUBIOUTINi GOZIN2(RLITL*BIGsLITNAHBIGNAM) 
I

C BY EARBARA BROOME
c MAKES SURE RLITL GOES INTO BIG (WITH NO REMAINDER).
C LITHAM m 'RLITL', BIGNAM a @BIG$,
C *

IF (AN(I/LT)RIL*H*BIG) WRITE(6,pL-%))

V, IF ((AINT(BIG/RLITL)*RLITL) *NE. BIG) STOP
RETURN

10FORMAT(1Xj, A6p SHOULD BE DIVISIBLE BY',A I
1XP AO* I -p F10*3*~ /*
1 X* A6, to ' F1Os3)

END

A- 12



C*4 FUNCTION ICVT (IBUF, Nl

C BY MONTE COLEMAN
C RETURNS INTERNAL INTEGER VALUE ASSOCIATED WITH tl 6-BIT BYTCSC STORED ONE PER WORD IN ARRAY IBUF1C ***

DIMENSION IBUF(1)
INTEGER SHIFT
IF (N *GT* 10) GO TO ZOO
ITEM-0

DO 100 I-lpN
ITEM-SHIFT(ITEMj6)sOR*IBUF(I)

100 CONTINUE
ICVTwITEM
RETURN

200 PRINT 210s N
STOP

213 FORMAT 0 ICVT/CRROR*,.**LARGE Ns N-', 110)
END

ido

A-13
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SUBROUTINE I MNMX( IVA LUE.,I MIN I MAXP VAL NAMstIIN NAiIMAXN AM)
C**
C BY BARBARA BROOHE
C MAKES SURE IMIN IS LESS THAN IVALUE IS LESS THAN IMAX.
C VALNAM * 'IVALUE'# MINNAM - 'IMIN', MAXNAM - 'IMAX'.
C**

IF CIVALUE *LE* IMIN) WRITE(6,1&O) VALNAH~tiINNAMVALlAM,
* ~IVALUL, MINt1A~p I II1N

IF (IVALUE oGE* IMAX) WRITE(6,Z0O) VALNAMMAXNAMVALNAM,
*IVALUIEsMAX NAN.PIMAX

IF (IVALUE *LE* IMIN) STOP
IF CIVALUE eGEe IMAX) STOP
RETURN

1%o FORMAr~lXv AZO,' SHOULD BE GREATER THAN Is AZ,.*/,
* iXP A20o, Is* 110* Is
* lX* AZO,' I#* 11P)

200 FORMAT(lXp AZO,' SHOULD BE LESS THAN Is AZ(ýaI,
* lX, AZO,'* I , 11w ,I~s/
h Xo AZ~), I Ip I10~

END

LL



FUNCTION LFRACT(ZK)
C 4***
C BY ARTHUR GROVES H T
C THIS FUNCTION RETURNS TEN TIMES THE FRACTIONAL PART OF T

C K-TH (OF THREE) ELEVATIONS PACKED INTO THE WORD Z.
C ***

A-AINT(Z)
CoAlF(K,E-361)G0Trl I
A= LOIb.g o* ( Z-A,)

C-AINT(A)IF(K*EQ.Z)GOT3 1.

C-lOOOO.*(A-C)
C=AINT(C)

I C..Ic + .0001
A-C-ALNT(C) 4

B=-',05

DO 2 1-1.-4
B"B .1IF{ A*GT,B)GOTO Z

LFRACTuI-1
RETURN

"2 CONTINUE
"END

A-15
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FUNCTION~ LOCATECXsXO,(j'
C
C BY ARTHUR GROVES
C THIS FUNCTION RETURNS THlE NUMBER OF GRID POINTS W'IMS' llP[WUiAJI .S

c ARE LESS THAN OR EQUAL. TO X, XO (IN'PUT) IS TLIE ]RDTN;,TL 'IF TH?
C FIRST GRID POINT* AND G (INPUT) IS THE SPACIN~G BEITWELII GRIP PMTý
C *

L0CATEmAINT((X-X0)/G+l.)
RETURN

A- 16



SUBROUTINE lIERGITCI4TAPES, TGRID* GRIDR, XMIN* XMAX# YI4INP YMAX*N~p
$ NY* XORIGNs YORIQNm XSTOP* YSTtOP)

C *

C BY ARTHUR GPOVES AND BARBARA BROONE
C MERGE UP TO 12 DMA TAPES* ELEVATION$ GO IN DIRECT ACCESS AkRAYs
C ***I

DIMENSION MINDEX(001))
DIMENSION BUF(40CCo)
DIMiENSION L(12),p XO(I2J,p YO(lZ), R(80O00l XC(4),# YC(41

CGMrnrit /VEGIHD/ JVEG
DATA CC(1)a"1.4)/ISDLITHWEST','I40RTHWEST'b'NMJRTMEAST','SOUTHEAST*/
CALL OPLNu1S(2j, MINDIXp 4001s '01

C *
C COJMPUTE TOINIWIG CONSTANT

ISKIP AINTCGR:O"RITGRID * 4)
IBIG *1O00C

C READ HEADER RECORDS* COMPUTE INDIVIDUAL AND CONOINED TAPE START

XSTART a 1O000OOOO.
YSTART a 1OU0000OO00.
UO ljk' lwý.*NTAPES

IF (I vGT. 6) K I + 7
CALL RDDATA(KPICODE)
CALL RTYPRC(ICODa2, 1)
CALL DCTID(ISI{, ISERp IEDP XCj, YC)

DO 50 Nwlo4

5.) CONTINUE

YLC 1*5 )-YC (1)
XO(Z) w AtIIN1(XC(1)' XC(2))

Yr()a AMIN1(YC (1.), YC(4)) i
XSTART aAMIHJ,(XSAPTs XO(I))
YSTART a AMINl(YSTART,- YO(I))
CALL R.DDATA(Ks ICODE)
CALL RTYPRC(ICQDE, 2)

u LCONIUE*COTNU
C CHECK TO SEE IF EACII CORNER OF THE AREA TO BE MERGED
c is oli ONE flF THlE TAPES,C *

XCM(1 )mXmIII

YCMC(.) uMAX
XCM (4)wXHAX
YCM(2) mYNAX
YCM (3)wYMAX
YCII(4)aYMhIM

DO 175 IKwl*4
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00 150 Zsoe*tTAPES
NoRwO
00 US5 N.1.'t

DmXCMfK)*(YL(I4N)-YL( 1d441))I
$ -YCtl(K)*(XL(I*N)mXL(I#N+1))

$-XL (Is N+J)*YL (I* N+XL (Iph)*YL (I.*N+ I)
IF(D*LE.0. )NORst4OR+1
CONTINUE

IF(NOR9EQ.'.)GOTO 175
i~u CONTINUE

4C OTeNCOTel OF1TPITO EAHMRE SCNLE

c CO3MPUTE' COORI NATE OF 1S POINTS ON EACH MERGED SCAN LIN E
C *~

DO 20C- Im2,IBIG

Y a Y + TGPIDV
4OU) CONTINUE

C *

YLS a YSAR + GRIDRI

IF ((Y-RD *LT. YMXO()) *AND* (YL(J).EQMi)) GO To8
400AT(K CONTINU

600 mO TO I0

XLAST a STAR OP GI

JIA- 10

X~~' a X+ TRI



7JLýIF ((X.LT.XMIN-TGRID).OR.(X-XLAST.LT.GPIDR-1.flGu Tfl
JIM - I
CALL DCDtMAX(XXP YYj, NREC)

lyU

Mi AINT((YOCJ)-YSTART)/TGRID + #1)
CALL STDATACR*M4.IY.1*6000,JVEG)

CC. LCjNTINUE

c THIN AND RECORD THlE ELEVATION DATA FOR THIS SCAN LINE*
c COMPUTE NIUMBER OF SCANS AND X OPIGIN OF MERGED DATA.
C

IF (JIM *EQo I)) GO TO 9dQ
ix. - NX + 1
IF (NX *EQ* 'A) XORIGN - X
XLAST - X
11SAVE a ISAVE + (IAY-U)*ISKIP
ICOUNT -1
DO 850 J-ISAVE* NSAVEv ISKIP

BUF(ICOUNT) - P(J)
ICOUNT a ICOUNT + 1

05C C'ONTINUE

CALL WRITIIS(Z, BUF~l)p NY, NX)

911 C ONT INUE
C WRITE IDENTIFYING DATA FOR MERGED TAPE
C *4*

.Q.UCL XSTi)P - XORIGN + GRIDR*rFLOAT(NX-1L)
YSTOP - YORIGN + GRIDR*FLOAT(NY-1)I
WP.ITE(6,Z20) flX, MaY* XORIGHv YORIGNp XSTOP, YSTOP,9 GPIDP

C *

C FORMATS

10.-RA0 SOIMETHING NLJN-STANOARD ABOUT RECORD FORMAT ON UNIT', llA
2L FORMAT(//.o I MERGED ARRAYl, /s
$ 1 NUMBER OF SCAN LINES ,

$ H UMBER nF POINTS PER SCAN LINE s'o
-, ~~~$ *X COORDINATE OF FIRST SCAN LINE as* .O.,I

$ *Y COORDINATL OF FIRST POINT ON EACH SCAN LINE &',Flws1.9 1/p
X COaRDINATE OF LAST SCAN LINE -s aI', j ,

'Y COORDINATE OF LAST POINT ON EACH SCAN LINE a') FlOol,/,
$'ARRAY GRID -to', Flval )

30 FORIIAT(//.p I RE-CORD', 110, /s
$) (' 1', 1E0F7.o.))

40 FORMAT(/1KpAlO,'CORNER OF AREA NIT ON ANY TAPE -RUN ABORTEDt END
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SUBROUTINE' ONELN(ICOL# HOWHI)

C BY BARBARA BROOME

C GIVEN ARRAYS ZOLD (MAX PREVIOUS INTERRUPT) E ZNOV. (CURRE~NT DMA
C ELEVATIONS PLUS VEGETATION HEIGHT AND VEGtTATION CODE)
C CALCULATES FOR ONE SCAN HOW HIGH TGT MUST Bt RAISED TO BF
C SEEN E UPDATED MAX INTERRUPT (ZLATER)o

COMMON /ZS/ ZOLD(4000)o ZNOW(4000)j, ZLATZP.(4cvL.)
COMMON /AREA/ XORIGN* YORIGN# XSTOPj, YSTOP
COMMON /SEE/ XOBSj, YOBSo HOBS, OBTRAN
COMMON /SCANS/ iX, 14Y
COMMON GRIDR

C4*DIMENSION HOWHIC1)
C SPECIAL CASE: OBSERVER ON A SCAN LINE
C**

XTGT a XORIGN +(ICOL - 1) * GRIOR
IF (ABS(XTGT -(XOBS-GRIDP)) *GT* *0Q~h.!) GO TO 50
ITGT1 INT((YOBS - VORIGH +*oQ0u0) / GRIDP) + 2
YTGT *YORIGN + (ITGT1 - 1) *GPAIDR
ITGTMI a ITGTI - 1
ITGTMZ a ITGT1 - 2I
IF (ITGT2. oGT. NY) GO Tfl z5
HOWHI(ITGT1) *INT(TVEG(ZNOW(ITGTI)))
ZLATER(ITGT1) *INT(ZNOW(ITGT1))

25 IF (ITGTM1 *LTs 1) GO TO 50
HOWHI(ITGTMI) *INT(TVEG(ZNOW(ITGTtI1)))

ZLATER(ITGTN1) *INT(ZNOWCITGTMI))
IF (ITGTMZ *LT* 1) GO TO 50

HOWHI(ITGTMZ) *INT(TVEG(ZNOW(ITGTMZ)))
ZLATER(ITGTMZ) *INT(ZNOW(ITGTM2Z)).

C ***
C **POINTS ABOVE OBSERVER

50 ITGT1 a INT((YOBS - YORIGN + aDO00o1) / GRIDR) +2
IF (ABS(XTGT - (XOBS-GRIDR)) *LT. *L)CCi(1.) ITGT.I, -ITCGT,
XTGT a XORIGN + (ICOL - 1) *GRIOP.

YTGT w YORIGN + (ITGT1 -1) *GRIORrIF (ITGTI *GTo NY) GO TO 150
D0 100 ITGT a ITGT1, NY

ZP w ZPRIME(XTGT* YTGT, ITGT: ZOLO. ZLATEP.)
HOWHICITGT) wZP - (ZtIOW(ITGT) - TVEG(ZIIOW(ITGT)))
ETVEG - INT(TVEG(ZNOW(ITGT)))
HOWHI(ITGT) a AMAX1(HOWHICITGT), ETVE^V)
EZNOW a INT(ZHOW(ITGT))
ZLATER(ITGT) w AMAX1(ZP,. EZNOW)
YTGT a YTGT +GRIDR

1(,o CONTINUE
C*4
C POINTS BELOW OBSERVCR

150 ITGTM1 a ITGT1 - I
IF (ABS(XTGT -(XOBS-GRIDR)) *LT. 90L,001) ITGTM1 *ITGT., 3
YTGT *YORIGN + (ITGTMI& - 1) * GRIDR
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IF (ASS(YTG - YOBS-GRIOR)) *LTo .00001) ITGTMI ITGTI -4

IF (ITGTMH. *LT* 1) GO TO 300
ITGT a ITGTNI + I
YTGT a YORIG#4 * (ITGT - 1) * GRINR
DO 200 1Io Is ITGT~i

ITGT e*ITGT 1
YTGT a YTGT -GRIDR

ZP a ZPRIME(XTGT# YTGT* ITGT, ZOLD* ZLATER)
HOWHI(ITGT) m ZP - (ZNWJW(ITGT) - TVEG(ZNOW(ITGTf))
ETVEG a INTCTVEG(ZNOW(ITGT)))
HOWHI(ITGT) a AMAX1(HOWHI(ITGT), ETVEG)
EZNOW a INT(ZNOW(ITGT))
ZLATER(ITGT) *AIIAX1(ZP* EZNOW)

20 CONTINUE
300 RETURN

END
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C**SUBROUTINE PLTICS(IXRYAXP Bn3TP.LFP START* STIP)I
C BY ARTHUR GROVES AND BARBARA flROO(1C
C THIS ROUTINE PUTS LARGER TIC MARKS ALONG AN AXIS
c IXKYAX - INDICATES WHETRUk MAPKING X- OR. Y-AXIS (I -X v Y
C 80TRLT - GIVES THE BflTT'nM OR LEFT (DEOEflIttrM, n4 IYP.1'AX) T!,.
c IF IXRYAX-0s GIV2S BOTTOM; :L'4. I'VLZ Lr*FT

c START - STARTINIG CIORD111ATL 1T, ýX'
c SrOP - ST13PPING CG0FL:tsAT' I~i t\Iý

C *

(DIMENSIJN EKS(2)* WYC(2)
c TO LABEL X-AXIS

IF (IXRYAX .EQ# 1.) GJ T') Zo
WY(! BOTRLF

WYE(2) a BOTRLF+ o
U110 loc I1 1# 1000Q

EKSUl) *START + L'rLAr-
CKS (2) *EKS(l1

CALL PLTOTS(I., Us EKSP W'ts 1.)

C 3HTI O

c TO LABIA Y-AXIS
C

2, % EKS(l) - AOTRLF
IKS(2) - POTPLF + 60,
DU) 3001 Is* 1600A~

WYEUl) a START + 1QiL.,, F L )A I-
WYE.(2) - wycU1)

IF ((WYL(l)-'TOP) *GTo 5 'v'.)
CALL PLTDTSC:.# Ui EKS,# WYE, 2

3v C~JITINUE
RF TORk!
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SUBROUTINE 'PLTLN(HOWHI, ICOL, ITGTAV)
C 4
C BY BARBARA BROOME
C PLOTS ONE SCAN LINE OF HOWHI'S (ODD COLUMNS UP OTHERS DOWN)
C IF KEEPING UP WITH FRACo OF BOX SEENj, CALL NEC* SLIBROUTINL

C**DIMENSION SYMBOLC10) YLTZ

DIMENSION HOWHI(4C00w)
COMMON /ZS/ ZOLD(4000)a ZNOW(4O00)p ZLATER(4(,ýiv)
COMMON /AREA/ XORIGNP YORIGN, XSTflP* YSTOP
COMMON /SCANS/ hXj, MY

COMMON GRIDR
COMMON /PLTSTF/ MAPIDs SCALE* NPLTHT, PLTHT(10),- IflBS, INKI
COMMON /BOX/ BOXMINs BOXHAX, BOYMIN, BOYMAXi, IBfiX
DATA SYMBOL /I4)SI */S 4S A-)"I 'By',p 'C>I' *D>I, 'E>, IF)A,

SCLCNV a SCALE/100o
HIGH a *45*GRIDR
WIDE a 928ID8*GRIDR

SIZE a *9*GRIDR / SCLCNV
D o*GRIDPI

IF(MOD(ICOL, 2) *EQo C) D *-D
XTGT a XORIGN + (ICOL-1)*GRILOR
IF (NPLTHT 9LEo 1) GO TO 4t00

C CASE 1: MULTIPLE TARGET lhEIGHTSI
C GIVEN SCAN OF HOWHIIS, FIGURE (FOR EACH Y) WHICH SYMBOL TO PLOT
C AND PLOT IT
C**

DO 300 I w is, MY
IF (MODCICOL# 2) *EQo 1) J a II
IF (MOD(ICOL* 2) *EQ* 0) J a NY -I +1
YTGT a YORIGN + (J-1)*GRIDR

DO 100 IFGSYii a 1, NPLTHT
IF (ITGTAV *EQ* 1) HOWHI(J) *HOWH-I(J)-

* INT(TVEG(ZNOW(J)))
IF (HOWHICJ) *LE, PLTHT'(IFGSYM)) 00 TO 2Lrr

1Iv CONTINUE
IPGSYM a 11

200 IF(IFGSYM *GTe 1.) CALL PLTSYM(SIZ~, SYMBOL(IF-GSYM-1), 1.
* XTGT-WIDE, YTGT-HIGH)

IF (IBOX *HE* Ci) CALL FRCSEH(XTGTP YTGTp IFGSYM)
300 CNIU

RETURN CI1; CASE 2: YES/NI) MAP (O)ME TAR.GET HEIGHT)
C XPLOT(1)E(2) AMD YPLOTCI)E(2) HOLD START/STOP OF 0-fl-V SEGMENTS
C EVEN COLUMNS PLOT DOWN* ODD COLUMNS PLOT UP
C*4

40C XPLOT(l) 0 XORIGN + (ICOL-1)*GRIDR

YPLOT(l) * 0

DO 500 I-1,NY

I.I



IF fHODlUCOL#2) *EQ. 0) .J uNY -I + 1
YTGT a YOftIGH +. (J-11 * GRIDR
IF fIT6TAV .EQ* 1.) I4OWHI(J) a HOWHI(JM
* J~NTMTEG(ZOW(Jill
IF lHOWHIMJ *LE9 PLTHTM1) IFOSYM a I.
IF (HOWHIIJ).*GT9 PLTHT(M) XFOSY1I - 99Q99
IF (IBOX .ME. 01 CALL FRCSENIXTGT, YTGT, IFGSYM)
IF (IYPLOT(1) sLEo Go) *AND* (HOWHI(J *GT. PLTHTtl)))
*YPLOTI1 - YORIGN + IJ-I.)*GRIDR, - D
IF (YPLOT(1) *LE9 Do) GO TO 500
IF (HOWHIMJ *LE9 PLTIIT1))

YPLOT(21 a YORIGN + (J-1)*GRIDR - D
IF 11 *EQ. MY)

* FYPLOT(Z a VORIGH + (J-..)*dRIDR 4D
IF(YPLOT(Z) *LE. 0.1 GO TO 500

CALL PLTOTS(le Go XPLOT# YPLOT, 2j, Q)
YPLOT(2. a Os
YPLOTMZ a 0,

500 CONTINUE
RETURN
END0
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SUBROUTIN4EPLTPRE(XMINs XMAX* YfNIN* YMAX)
C**
C BY BARBARA BROOME
C PLOTS PRELIMINARY INFORMATION B EFORE LOS CALCULATIONS
C *

DIM&ENS ION PH'TS Q)
DIMENSION POBSWS)
DIMENSION PLS(63
DIMENSION MID(2)
DIMENSION~ LABELIP(3)o LABELI(4)o SYMOOL(1l)IDIIMENSION LGND1C1)* LGND2(3)o LGND3(3)o LGND4(2),# LGND5(B)
COMMON /PLTS*%F/ MAPID* SCALE, MPLTHT* PLTHT(;C), IOBSs INK
COMMON ISEE/ XOBS, YOBSj, 14085, OBTRAH
DATA LABELP /1BROOME '* BLDG 392 1* 'X2417 I/
DATA LABELI /'BROOME is 'BLDG 392 Is OX2417

* $INK PLEASE$/
DATA LGND2. /ILEGEND ).I/

*DATA LGND2 1'POSITION W's 'HERE TARGE', IT>l
DATA LGND3 11X METERS H's 'IGH OR NOR$, I[>1
DATA LGN04 /#CAN BE SEE', 'Nj, WHERE :011
DATA LGNDS /'SY14BOL I, I I x l
DATA 'YMBOL/' )Is, 1+.3I,1 0/I $ B~ D' E9

C PLOT AXES

PXMIN w J0UC.0 * AINT(oUJ() * (XMIN +*.OLI))
PXMAX a 1000. * AINT(.002 * QXIAX - .001)) + 1liC'(9
PYMIN - 1000. * AINT(.C001 * (YMIN +*.001))
PYMAX o 1000o. * AINT(.4)1 * (YHAX # 0[,)) + 1,4fX;
F m SCALE/10O.
XPAGE - (PXMAX - PXANIM)F + 32a
IF (XPAGE .LTo 4,60 XPAGE a 46.
YPAGE m (PYMAX - PYMIN)/F + do

'V IF ~~~CA PG L.~1)YAECLL RMINMX(XPAGE,45.99,*3657?,,'XPAGE','ITITLE PLt]Tlp'L~u FT M~AX')
CALL RMNMX(YPAGEp20.9p73o., $YPAGE', ILABEL SIZE'o 029 IN* MAXI)
CALL PLTPGE
IF (INK eEQo U) CALL PLTBEG(XPAGLP YPAGEs .3937, 13, LABELP)I
IF (INK .EQ. 1) CALL PLTBEG(XPAGEt YPAGC, *39371, 13,FLABELI)
CALL PLTSCA(6*s 6., PXtIIN* PYMINs Fo F)
CALL PLTAXS(100C., 1O(0t., PXMINj, PXMAX, PYMINP PYMAXp 4)

C*4
C INCREASE PLOT TIC11ARK SIZE (TOPi, RT,9 BOTTOM* L)

CALPTC(,PMA XIPMX
CALL PLTICS(1, PXMAX o PYMINj, PY AX)

CALL PLTICS10s, PYMfl4-6G., PXMIN, PNAX)
CALL PLTICS(1, PXMIN-6P.,j PYMINs PYMAX)

C *

C LABEL AXES
C**[ ~CALL LABELA(l00Q** 1000., PXMINP PXMAXP PYNIN; PYMAX, o0L.@. ~1
C**

C PLOT MAP IDENTIFICATION
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. . .. . . .. .

ENCODE(20, 900, HID(l)) HAPIDI
4*CALL PLTSYM(s3s MIDj, Go. PXMINP PYMAX * 8*F)

C PLOT OBSERVER

C**CALL PLTDTS(3, 0, XOBS* YOBS, 1*s 0)
C *

C PLOT OBSERVER COORDINATES AND HEIGHT

rENCODE(42, 910, POBS(1)) XOBS, YOBS
CALL OLTSYM(*3, PODS* Do# PXMIH, PYMIN - oB*F)
ENCODE(29s 920,p P035(1)) HOBS
CALL PLTSYM(e3v POBSj, Coo* PXMIN, PYMIN 3v6*F)
Z-NCODE(Z9* 940, P085(1)) IOBS
CALL PLTSYM(*3,p POBS, 0., PXMINP PYMIN-4*4*F)

C**
C PLOT LEGEND
C*4

CALL PLTSYMle3s LGNDl, 0., PXMAX+79*F,9 PYMIN+12.,*F)
CALL PLTSYM(s3s LGN02, 0., PXMAX+7@*F, PYMINGli@2*F)
CALL PLTSYM(93P LGND39 Do., PXMAX+7.*Fj, PYMIN+1094*F)
CALL PLTSYM(*3# LGND4, g.* PXMAX+7a*Fo PYMIN+ 9*6*F)
CALL PLTSYM(e3p LGN:)5, 0., PXMAX47.*F, PYMIN+ 8*8*F)
DO 100 1 - 1, NPLTHT

CALL PLTSYM(*3j, SYMBOL(I)j, O., PXIIAX+89*Fj,
4 PYMIN+CB8s-I*o8)*Fl

ENCODE(llp930pPHTS(l)) PLTHTCI)
CALL PLTSYM(e3j, PII'IS, D., PXMAX+a.L*F,

100 CONTINUE
ENCODE C53,9e(o,*PLB(l) )PLTHT(NPLTHT)

CALL PLTSYM(..3* PLBi 0., PXMAXe'8.*Fp PYMIN+(8*8-I**8)*F)I

C *4FORMATS
C ***
9W) FORMAT(IMAP ID - Is AlD, 6)10)
910 ;'LRMAT(IOBSERVER C1'9 0O0RDINATES', 1 (', F7#.0, I s , Fda.L, I)>a)

CVu FORIIAT(POBSERVER H', $EIGHT Is' FJ.0.,2 1>1)
930 FORtIAT(F1O.2* "'1)
94,0 FORi1AT( IOBSERVER1. ID,' ,10 '
9011 F3RMATICW- NO TARGET Au',FlO.Zs' MIETERS HIGH CAN BE SEEN>')
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SUBROUTINE PRFRSNI
C4*
C By BARBARA BROOMIE
C PRINTS THE AVERAGE AREA SEEN FOR EACH TARGET HEIGHT

C COMMON )ASNSTF/ RNU4i(1O)o DENOMH LHT1)

COMM~ON /PLTSTF/ MAPZD*SCALE* NPTTlPTTI~ OBS, INK'
COMMON /BOX/ BOXHIN* BOXMAXv BFIYHINP BaYHAX, IBOX
wRITE(6p 90)0) BOXMIH* BOYMIN* BOXIIAX* BOYMAX

WRITE(6* 910)

DO 100 1 - lo NPLTHT '
CFRACT - RNUfiCI) I DENOJI
WRITE(6* 920) CFRACT* PLTHTCI)

100 CONTINUE
RETURN

C44

C FORMATSI
900 FORMAT(I//,. I AREA OF INTEREST DEFI142D BY I,/o

46 (I.* F1Oolp I ,'l, Fi~ols 1) '))

910 FORMAT(I, FRACTION Or AREA TARGET', /P

920 FORMAT(/,p * p *,10@5p 7X., Fl~ol)
ENDj
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1 P WWýRrwrI
SUBROUTINE PDDATA(IUPICODE)

C**

C BY MONTE COLEHAH
C READS ONE BLOCK FROM A DMA TAPE UN UNIT NUMBER IU AND RETURNS
C ICODE, WHICH INDICATES THlE TYPE OF RE-CORD READ&

COMMION /DlIACOM/ IB(JF(700)*ITEMP(80),I-iHI
INTEGER TIDFIDDTA EfIF*EOI
DATA MSKA /777777?777777(.oCcILO00B/,MSKB/ 777777wi.; Lk, kiO.C .
* ~TID I OOUOUo 0020UUQ0D",iW*FIDI 0J.L1,~La/

OTA /410LU .CULAidJO)UDO00B/,*EOF I O2.246?.1ýuO~mý)0)iji.B3/, I
EOI / 12551315CCLI~CDCOL)LB/

BUFFER IN (iUij(iBtjrJuaBUF(70u))
IEOFuUNIT( IU)
IF(IEOF*GT*-1)GOTU ZiJU

100) ITEMmIBUF(1)sANDsMSKA
ICODE-1
IF(ITEM*EQ*TID)ICOIJE-lTAPE IDO
IF(lTEM*EQ*FID)ICODEwlFILC IDI
IF(ITEM*EQ@LOF)ICOLJ-I.EflF'

ITEMiuIBUF(l) .AHV*MSKB
IF(ITEMsEQoDTA) ICODE-lDATAl
IF(ICODE*EQ.' ')COTO 240
RETURN

ZOO IF(IEOF*GT*0)GOTO 220i
ICODEu'EOFl
RETURN

210 FOPMAT(' RDDATAIWARtNING*,,*oE0F UH Ut~lT',*I5)
220 PPINT 230*IU

GOTO 100I
230 FORMAT(' RDDATA/WAR1NING.....PARITY. CRROP, ON UNITI,15)
240) PRINT 254), ITEM

PRXNT 260,IU

260 FORMAT(g ERROR ON TAPE', I10)
250 FURMAT0 R00ATA/C.RR~jRo@*...ILLEGAL INDICAT0Rl/16,XoICOlDEu 'U2
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SUBROUTINE flDNCHK
C 4**
C BY BARBARA BROOME
C READ* WRITE# AND CHECK INPUT FOR SEEFAR PROGRAM
C MAPID# SCALE, INK - TELLS WHAT MAP TITLE TO PUT ON PLOT.,
C WHICH SCALE TO USE & WHETHýR TO USE
C BALLPOINT PEN OR INDIA INK
C IOBS, XOBSD YOBS, HOBS, IDNTtIV -OBSERVER IDENTIFICATIONo
C UTM COORDINATES* HEIGHT, AND INflICATIO;'I
C OF WHETHER. TO ATTEMPT Tfl LXPOSE O0SL.RVcJ
C NPLTHT, ITGTAV - NO. TGTo HTSo CL1NSIDERL.D (LESS OP -*,
C AND INDICATOR FOR WHETHEP. HTOT IS HIT
C ABOVE VCG (IF 1) flR ABnVg LAND (IF v)
C PLTHTMI - I-TH TARGET HEIGHT (METER.S)
C XMIN, XMAX# YMIN, YMAX, GRIDRP JVEG

C ~UTM COORDINATES OF BOU1NDARIES
C OF AREA TO BE CONSIDERED t GRID TO USE
CC INDICATOR TO ADD VEGETATIONI

C VEG & URBANwC,*URBAN q1NLY-1,N0THINGwZ
C NTAPESj, TGRID - NUMBER OF DMA TAPES REQUIRED & TAPEt GI, IU
C IBOX, ISAVE - CALCULATE VISIBLE FRACTION (IF BOX
C (I a YES* 0 m hO)
C INDICATOR FOR WHETHýR TO SAVt HOWHIIIS 011
C DISK FOR FUTURE CU3JPCVSITL CALCULATIO[Iq
C (I. - YES, L.- NO1)

C HIOWHI AFFECTED. BY ITGTAV BLFORE STORING(
C 44 BOXMIN, BOXIAX* BcJYMINP BOYMAX - IF IBOX - I, DESCRIBES

COMMON /VEGIND/ JVEG
COMMON GRIDR
COMMON /SEEI XOBSD YOBS, HOBSj, OBTRAN
COMMON /PLTSTF/ MAPID,9 SCALEi, NPLTHT,# PLTHT(lj),p lOBS, INK
COMMON /BOX/ BOXMINv BO3XMAX# BOYMINp BOYMAX, IBOX
COMMON /OTHERI/ IDNTMVr ITGTAVs XMINs XIIAXt YMINo YMAXP NTAPESP

4 TGRID, ISAVE
C 4
C READ AND WRITE INPUT
C 4

READ (5,9u1, MAPIDs SCALE,# INK
WRITE(6o940) MAPID, SCALE, INK INMREAD (5*910) lOBS, XOBS,- YOBS, HOBS, DNM
WRITE(6o910) I08S, XOBS, YOBS, HOBS, IDNTMV1~READ (5,06P,) NPLTHTj, ITGTAV
WRIT&E(6*96O) NPLTHT, ITGTAV
READ (5p,920) (PLTHT(I)s I - 1,o NPLTHT)I
WRITE(6,o920) (PLTHT(I)j, I -1,v NPLTHT)
READ(5,#93L1)XJINXMhAXYMIN:YMAXGRIDR,#JVEG
WRITEC6,930)XMINXMAXYMIN,*YMAXGRIDRJVFG
READ (5.*91O) NTAPESP TGRID
WRITE(6.9910) MTAPES, TGRIDI
READ (5.060i) IBOX, ISAVE
WRITEi6p960) IBOX, ISAVE
IF (IB3X .EQ, 1) READ (5#924) BOXMIN, BOXMAX,9 BOYMINs BOYMAX
IF (IBOX *EQ. 1) WRITEC6*920) BOXfIIN, BOXMAX, Bt)YMINo BIJYMAX

C 4
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C DATA CHECKS

CALL RMNIXCSCALL# 4999., 10004.* ISCALEIP VREAS MINIP
* 'REAS MAXI)

CALL IiiNMX(INKP -Is 2o 'INK' 'MEG 1400,
* 'REAS MAXI)

CALL RMNMX(X0BS# XMIN-.0O1i XMAX#*F~&.i, 'KOBS', 'XMINIP IXMAXI)
CALL RMNMXCYOBS* YMIN-*00lp YMAX+*001, 5YOBS', lYt1Nl,* 'I YAX I
CALL RDINMXCHO3BS* .UA. 10001., IHOBS', 'MEG. 413.0,

IREAS MAX')
CALL IMNMX(IDNTMVp -is 2, *IDNTMVlD 6NEG. NOo.', 'PEAS MAXI)
CALL IMNMX(NPLTHTs 0, 11, ING* OF P'LOT HTS.G, 'ZERO',

* '~PLTHT DIM$) '

CALL IMNMX(ITGTAV* -1, Z, 1'ITGTAV', 'tINGo HOu', IRZiAS MAX')
DO 10C, I - Io NPLTHiT

CALL RtINMX(PLTHT(l)s -*00DUl.e IL-01.: INPLTHT(I)I',
* 'HEG NUMBERIP 'REAS MAXI)

100 CONTINUE
CALL RMNMX(XMINP 99999*p XMAX* OXMINO* 'REAS MIN', 'XMAX')
CALL R?*lMX(XMAX* XMINs 1000000,. lXMAX', lXMIN', $PEAS MAX')
CALL RMNMX(YI4IN* 999999.,YMAK, OYMIN', 'PEAS MINIP OYMAXI)
CALL RHNMX(YMAX# YM1M,1.ACD00Ls0. OYMAXI# 'YMINI, IREAS MAX$)
CALL RMNMX(GRIDP.I 0., 1001., 'GRIDR', IZLPOO, OREAS MAX')
CALL IMNMX(JVCG,#-1,3,'lVEG ADD IN', 0HEGo NO','MAX VAL -2')
CALL RI*4MX(TGRID* Cap iAl01., 'ITGRID:,o 'ZERkO', ORAS MAXI)
CALL GOZINZ(TGRIDo GRIDR, 'TGRID', 'GPIDP.I)
CALL IMNMX(MTAPESo 0,# 13,* tNTAPES', 'PEAS MI4',p #MERGE LIP1')

CALL IMNMX(IBOXP -IN 2p 1IBOX', 'NEG. tlO', 'REAS MAX$)

IF (IBOX *EQ* 1) CALL RMNtIX(BOXMINP XMIN-,(h~l# BQJXMAXp ''qfXMlN, I
* 'OXMINOR 'BSIXMAX')

IF (IBOX .EQ* .1) CALL RMNMX(BIIXMAX* BOXMIN, XHAX4.il~1, 'BnXMAX',

* 'BOXMINI, 'XMAX')
IF (IBOX *EO. 1) CALL RMNMX(B0YVMIN* YttIN-00Q1* BJY(MAXs OBOYMIN',

'YMIt4',v OBOYMAX')
IF (IBOX .EQ. 1) CALL RMNMX(8OYMAX* BOYMIN, YMAX+*001, 'BYMAXt

~' ~' 'BOYMIN', 'YMAX') MA'CIICALL. lMlMX(ISAVEs -t '2I1SAVE', 4NEG. MO', OPEASMA'
C

c FORMiATS'EEAINO ERI TOSRL OIIN.,FO1

90FORMAT(AIO, F10),kp10
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SUBROUTINE~ RMNNX(ZVALUEZMIZN*ZNAXVALNAMMNINAMNAXNAM)

C MIAKES SURE ZHIN IS LESS THAN ZYALUE IS LESS THAN ZMAX*
* c VALNAN a 'ZYALUEI* IIINNAN a VZHNtN' JIAXNAM a IZMiAXv

C *
IF (ZYALUE *LE* ZIIIN) WRItTE46,P.0O) VALNAlIMINHAMpVALNA~i,

* ZVALUL, MINNAN.,ZMlN
IF (ZVALUE *GE* ZiIAX) WRITE(6,ZOO) VALNHANMeAX?4AhVALNAMp

* ~ZVALUE, MAXNAM, ZHAX
IF (ZYALUE *LE* ZKINI STOPI
IF IZVALUE *GE& ZMAX) STOP
RE TURN

100 FORMAT(2.X* A2Oe' SHOULD BE GREATER THAN ',A~tiI
4' LX, AZOPI Op P2.0.0p lo
* lX* A21DPI a Os F2.Dd0

200) FORMAT(J.X* A20*' SHOULD BE LESS THAN I.-
* iX* A20#0' 1* F19040 /P
* iX* A20O, Is F1P20.0)

END
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SUBROUTINE RTYPRC (ICODE# I)
C ***
C *** BY MONTE COLEMAN
C ** CHECKS TO MAKE SURE INPUT RECORD IS THE RISHT TYPE
C ***

IF (MI *.SQe 1) 91ANDO (ICODE oNE9. 'TAPE IDI)) GOTO 100
"IF ((I *EQ.LZ) sAND* (ICODE *NE* 'F.ILE ib°)) GOTO 1010
IF (MCODE *EQ*: 'EOFI) GOTO 200
IF (ICODE DEQ.l 'EOI') GOTO 300
IF ((1 *i;Tt 2) 9ANDb (ICODE .NE. I'DATAW)) GOTO 100
IF (I *GT. 2500) GOTO 400
RETURN4

C
C *** THE FIRST 2 RECORDS SHOULD BE FILE ID A•O TAPE ID

100 WRITE(6,150) IsICODE
150 FORMAT('1RECORD '# 15o 1 SHOULD NOT BE A Is AlOpe RECORD.')

STOPC ***

C IF EUF IS ENCOUNTERED
C **

200 WRITEC6,250) ICODEI
250 FORMAT(tl/, ** AlO# ENCOUNTERED At RECORD 1, ) I)

RETURN
C **
c * ir EO1 IS ENCOUNTEREDC **4

300 WPITE(6,250) ICODE.X
STOP

CY SH 0
C *** IF THERE SEEMIS TO BE TOO MANY RECORDS ON THE TAPE
C ***.".•4,00 WRITE-(6*4,50)

"•'.45o raRMAT(IIARL YOU SURE YOU SHOULD 'HAVE tlORL THAN 2500 SCANLINESVt)
,hI,,,•STOP

END
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SU'BROUTINE S4VPF.:(lTGTAV)

C. BY BiAR'BARA CROOPIE -01#I Sc SAVL PRELIMINHARY FILE ID INFO IN RECORDS 4001403IFSVE*1

C~JýIM0iI /SCAMS/ tIX* HY
(OmfON .',SEE/ X0 ,S), YOBSP filB.s, OBYRANI
C0l*iUh IARCA/ XflRIGIs YUP.IGN,- XSTOP, YSTOP
COUIMON /PLTST*i- MAPID, SCALE* NPLTIITv PLTHTC1O), IOBSP INK

CAL-. JPEHH~ia rIINDrXp 4015.9 0)
CA~LL kJAIThSt,( 1-o BS.- lo 4001)

""'~ALL il PI THS 4 ;w YUBS, lo 4002)I
CAL-, CR IT` 143,o HUBS,# lo, 4003)
C/ýLt W F. tT!I (3 '.&xOPIGNs la 4004)
CfLL qK.vrtil op. YORIGHN, la 4005)
Ckt-L ý PIT 1S ,i XSTOPo la 4006)

MAL. Wk:TOS ( :)s Y.'TUPP lo 4007)
CALL L;RITajS (3, NJX,# lo 4008)
CALi. Wf.'TMS ~3# , l 1o 4009)

04 L W F IVIiS '.A# MAPID# 1, 4011)

F . L
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SUBROUTINE STDATA( Z J# No JVEG I
C BY ARTHUR GROVES

C STORE ELEVATION PLUS VEGETATION PLUS INDICATOR FRACTIONS IN
C ARRAY Z STARTING AT Z(J)*L N 6.0DINENSION OF Z-ARRAY.

COMMON IDIIACOII/ IBUF(700)uTEHP(8O)vlTEH
DIMENSION Z(1)*VEGCcD(4)
INTEGER SHIFT
DATA IiSK1/1OB/.I1SK2d77777BIVEGCOD/0.0,2O.3,10.2,4.1/

IWORD. 2
I GET. 1
CALL UNPACK(I8UF(IW0RD)#ITEIIPD6O)
IIIORDubWORD+6I

100 ISIGNmZTENP(IGET).IANDslMSKl
IVEG-Si4IFT(ITEMP(IGET)*-4).
ITE-NsICV`T(ITEMP(IG6T). 3) *AHD*!NSK2
IF (ITED't.EQ.ISK2) RETURll
IFl 5 I~l0N*Es.C)ITEMU'"ITEN

V Z(!)aFLOAT(ITEN)
IF(JVEG.EQ.O)Z(I)uZC I)+VEGCDD(IVEGG1)I
IF(JVEG.iEQ.1 .AtiDei IVEGeiEQ.2)Z(1)uZ(I).VEGCOD(3)

IF ( IGT*IN) RETURN
IGETaIGET+3
IF(h0D(IGET#60)sNEol)GOTO 100
CALL UNPACK(IBUF(IbIORDl*ITEttP#60)I

IGET-i.
GOTO 100
ENDO
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FUNCTIONI TVEG(Z*')
C
c BY ARTHUR GROVESP
C RETURNS VEGETATION AMOUNT ADDED FOR THE GIVEN Z

D'ATA ORCHAD /4%ilI, URBAtl /IoaZlD FOREST /20.3/
DPZ aZ -AINTMZ
TVLG - 0
IF (DPZ .GTo *05) TVEG - ORCHAD
IF (OPZ *GTo .15) TVEG a URBAN
IF (DPZ *GT. *25) TVEG - FOREST
PE TUPN
END
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SUBROUTINE XPOSIT(X*Y*ICARE)
C ***
C BY ARTHUR GROVES
C THE PURPOSE OF THIS SUBROUTINE IS TO ATTEMPT TO MOVE AN OBSERVERC AT (XtY) WHICH- IS IN VEOETATIONIURSAN TO A NEARBY POSITION WHICH '

C IS IN THE OPEN.' TO HAVE IT DO THIS# CALL THE SUBROUTINE WITH
C ICARE-O.9 IT THEN LOOKS At THE ELEVATIONS AT THE FOUR CORNERS OF
C THE SQUARE OF ELEVATIOtIS (XvY) IS IN* IF NONE OF THESE ARE
C WOODED/URBAN, IT RETURNS TlE ORIGINAL (X*Y)o. iF ALL FOUR CORNERS
C ARE WOODED/URBANv OR IF EXACTLY ONE PAIR OF OPPOSITE CORNERS ARE
C WOODED/URBAN. IT PRINTS AN APPROPRIATE STATEMENT AND STOPS THEd
C RUN, MAKING NO ATTEMPT TO FIND AN OPEN NEARBY LOCATION. IF ONE,
C TWO (ADJACENT) OR THREE CORNERS ARE WOODED/URBAN* IT MOVES THE
C OBSERVER THE LEAST POSSIBLE DISTANCE TO AN ADJACENT SQUARE NOT
C KNOWN TO HAVE ANY WOODEDIURBAN CORNERS. IF THIS NEW SQUARE IN
C FACT HAS NO WOODED/URBAH CORNERS* IT' RETURNS AS (X*Y) THE NEW
C ADJUSTED OBSERVER LOCATION AND PRINTS THE NEW LOCATION. IF THIS
C NEW SQUARE DOES HAVE ONE OR MORE WOODED/URBAN CORNERS* IT PRINTS
C THAT IT MADE AN UNSUCCESSFUL ATTEMPT TO MOVE THE OBSERVER AND
C THEN STOPS THE RUIN* IF THE SUBROUTINE IS CALLED WITH ICARE,,lo
C THIS ENTIRE PROCEDURE IS BYPASSED AND (XY) IS RETURNED UNCHANGED
C WHETHER OR NOT VEGETATION OR URBAN ARE PRESENT*

CIDIMENSION T(4p4)

COMMON GRIDR

COMMON /SCAN1S/ NXPNY
COMMON /AREA/ XORIGH. YORIGNsXSTOPsYSTOP
COMMON /IIGI SCAN(4000)
LOGICAL L1,L,2L3*L4

1I FORMATY. ELEVATIONS REQUIRED FOR XPOZIT NOT PROVIDED BY MERGITI)
2 FOKMAT(t OBSERVER MOVED TO (0aFlOl.als.FlO,.1,')l)
3 rORMAT( OBSERVER ENTIRELY SURROUNDED BY VEGETATION OR URBAN AND C
* OUI.D NOT BE MOVED$)

4 FORHAT(' EXACTLY ONE PAIR OF OPPOSITE CORNERS IN VEGETATION OR URB
* AN - OBSERVER COULD NOT BE MOVED')

5 FORMAt(l MADE ONE UNSUCCESSFUL ATTEMPT TO MOVE OBSERVER#)
C**
C !F NO AT1hHPT TO MOVE THE OBSERVER IS TO BE MADE* RETURN.
C ***

IF { ICARi, EQeCL ) RCTURrII
C ***

C IDENTIFY THE LUCATION OF THE 4X4 SQUARE OF ELEVATIONS SURROUNDINGr C THE GBSERVER,
IL mLOCATE ( X XORZGGIR) :
JL =LOCATE (YsYORIGNpGRlDR)
XORXA a XO•]IGI ÷ GRADR * FLOATI-L-2)YrnRIG a YORIGN + GRIOR * FLOAT1(JL .21

C .IF ALL 16 f+ TH1LSE ELCVATI•NS HAVE NOT BEEN PROVIDED BY THE

C 1FRGIt SUBROUTINE* PP!INT TtlAT FACT AND1 STOP THE RUNP
C ***

~ 100WlkITE( 6o 1)
STOP
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C FILL THE •,4 ARRAY WITH ELEVATIONS.C ***
100 DO 120 1,0#4

CALL READNS (2SCAN(1)s4YDIL.Ib2)
DO 110 Jwl#4

T(tpJ)-SCAN( JL+J-2).
110 CONTINUE
120 CONTINUE

C CLCAR THE OSCAN* ARRAY* JUST IN CASE*
DO 130 l,,1#4000

SCAN(I)Ooe
130 CONTINUE

C e
C SET IMOVEDI TO ZERO TO INDICATE THAT (XoY) IS THE INPUT
C OBSERVER POSITION AND NOT AN ADJUSTED POSITION*
C * MOVEDO

C *

C DETERMINE WHICH CORNERS OF THE 2X2 SQUARE CONTAINING THE CURRENT
C OBSERVER POSITION ARE IN VEGETATION OR URBAN* THE APPROPRIATE
C LOGICAL VARIABLE (Li, L12 L3 OR L4) WILL BE MADE 'TRUE' IF THE
C CORRESPONDING CORNER IS IN VtGETATION4 OR URBAN.
C **

140 IsLOCATECX*XORIGGRIDR)
J-LOCkTE(YsYORIGpGRIDR)
XSCAN - XORIG + GRIDR * FLOAT(I-1)
YSCAN - YORIG + GRIDR * FLOAT(J-1)L1 - 41tlT(10*$FRACTIT(IvJ)÷oO0001)) *NEe Oo

LZ a AINT(io0.FRACT(T(I+1gJ)+.EO0001)) eIEo; O0
L3- AINT(1OhbFRACT(T(I+IJ÷1)+0OO001)) *NE* O.
L4 - AINT(IO4*FRACT(T(IeJ+I)+oOO0O1)) 9NEs 0.C *

C IF NO CORNER$ ARE IN VEGETATION OR URBAN# THE OBSERVER IS IN THEC OPEN* IF THIS IS THE ORIGINAL OBSERVER POSITION& RETURN TO THE
C CALLING PROGRAH,, IF THIS$ IS AN ADJUSTED POSITION* WRITE THAT FACT
C AND THEN RETURN

IFC(Ll.R.LZ.CR.oLoIOR.L4)GOTO 150
IF(HOVED*EQs1)WRITE(6,2)XsY
RETURN

C ***C IF MOVED-l INDICATING THAT THE OBSERVER HAS ALREADY BEEN MOVED

C TO A NtW LOCATION AND IS STILL IN VEGETATION OR URBAN# WRITE
C THIS FACT AND STOP THE RUN.'

CI
150 IF(MOVED9EQe0)GOTO 160

WRITE(605)
STOP I

C IF OBSERVEP IS ENTIRELY SURROUNDED BY VEGETATION OR URBAN,
C WRITE THIS FACT AND STOP THE RUN.

160 IF(gNDT.!(Ll1AND.t2.AND.L3.&NDot4))GOTO 170
WRITEC(63)
STOP
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C *
C IF ONE PAIR OF OPPOSITE CORNERS ARE IN VEGETATION OR URBAN, WITH
C THE OTHER PAIR IN THE OPEN, WRITE THIS FACT AND STOP THE RUN*
C *

170 IF(.NOrII~L1ANID.L3eANO..4OT.L2.AND...4OT.L4 .OR* LZ*ANDoL4*AND*
@ NOT.L1*AND*ISIOT*L3))GOTO 180

WRITE(6#4)
STOP

C *
C THE OBSERVER IS GOING TO BE MOVED TO A NEW LOCATION* AT THIS
C POINT HkKE IMOVED* EQUAL 1 SO THAT WHEN CONTRUL RETURNS Tfl
C STATMENT 140 TO EXAllIIE THE NEW LOCATION, IT WILL RECOGNIZE IT
c A'S A HEW LOCATIONal

C180 MOVED-1
C ***
C MOVE THlE OBSERVLR IF CORNER NIUMBER 1 IS THE ONLY CORNER
C Ill VEGETATION OR URBAtl.

IF ( .OT.'( L1#AIID..NOToL2vAHtD6 aNOT* L3o AtlD. *NOT* L4) )GOTO 190
D1mXSCAN + GRIDR - X
02mYSCAll + GRIUR - Y
!F(02..LT*DZ)X=XSCAN + GP.IK' + .01
'F(D1*Z-EsD2)YuYSCAN + GPIDR + s01

COTO 140
C ***

C O1VE THE OBSERVLR IF COPNER NUMBER 2 I.S THE OtILY CORNERI
cC il VEGETATION UR URBAN.t

290 IF(.NOT,!(.NUT.L1.*d4DoL26AHiD..NOT.L3.'AtW..NUT.L4) )GOTO 200
VDwX - XSCAN

02-YSCAN + GRIDR - YI
IFCD1eLTeD2)XnXSCAN - .01
IV(P1.sE*D2)Y-Y5CAN + GRIDP + e01
GOTO 140

C *

c tiOvi THE OBSERVER IF COR~NER. NUMBER 3 IS THE ONLY CORNEkI
C Ill VEGETATION OR. URDAN.

200 :r(.NI3Ti(.NOT.Ll.AND,,tOT.L2.ANlD.L3.ANID..NOT.L4) )GOTO 210

01-XXSCAN +GIr
()2uY -YSCAH

1rD1,1PLTsDZ)X-XSCAN - GpI01 +.0

IFDo1**)YYc'~ 9 '01

c MOVE TI-fE OBSERVER IF CORNtERS NUIBER 1 IS THAETH ONLY CRk
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C CORNERS IN VEGETATION OR URBAN.t
C*4

z20 Ir(.NOT.I(L DAND.1L2,AND..I4TeL3.ANDol.OT.L4) )GOTO 230
Y-YSCAN * GRIDR + .01
GOTO 140C *

C MOVE THE OBSERVER IF CORNERS NUMBER 1 9 4 ARE THE ONLY
C CORNERS IN VEGETATION OR URBANe.
C *

230 IF' I.NOTO (Ll1ANDsiHOT.L 2uANDs;NOTcL 3*ANDLW)) GOTO 240
X=XSCkN + GRIDR + e.1
GOTO 140

C *

C MOVE THE OBSERVER IF CORNERS NUMBER 2 V 3 ARE THE ONLY
C COR1ERS IN VEGETATION OR URBAN.t
C$**

240 IF(.NOT.I(,NOT.L1.ANDoL2dOANDTL2.AHDN NOTeDL4))GOTO 260
X=X$ChN - $01

GOTO 140

YuSCA, -

C MOVE TIlE OBSERVER IF CORNBE S THER 3 ON L ARE THE ONLYC CORNERS IN VEGETATION OR URBAN*(
C *

250 IF ( .HOTTl( L T.LaAND. eOToL3*A. D LL34)ANDo L))GOT• 2 60
Y"YSCAM - R .01
OUTO 140

C MOVE THE OBSERVLR IF CORNER 4 IS THE ONLY ONE IN TfIE OPEN.
C ,**

260 IF( .NOTI(LIsAND L2*AHDL3TAND*.inNOToL4) ) GOTO 270
X=XSCAIH - SO"

YNYSCAM + GRIDR + .01
GOTO 1.40

C MOVE THE OBSERVER IF CORNER 3 IS THE ONLY ONE IN THE OPEN.
C

280 IFC(.NOT.l(LL.ANDe.NOAtlD2,AOT4L3.AHD.L4))GOTO 280
X=XSCAtH + GP.IOR + 01
Y-YSCAN * GkIDR + .01

GOTO 140

C $

C HOVE THE OBSERVER IF CORNER 2 IS THE ONLY ONE IN THE OPENS
C TO A

280 IF(*NDT, (LZ, ANDeioNCToLZ•iAiDoL3oANDoL4))GOTO 290

XUXSCAti + GRIDR I s01
Y=YSCAN - ,01
GUTO 140C $***

C MOVE TilE OBSLRVER IF CORNER 1 IS THE ONLY ONE IN THE OPENS
Till:ISO Z THE ONLY CASE LEFT*

290 X=XSCA11 - SIol
Y"YSCAN - 001
GOTO L40

END
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F UNCTIUR4 'iRIttEMXGTo YTGTP ITGTj, ZOLD. ZLAT9R)

c FY CARBARA BROOME
C IF UFRINE IS GREATER THAN THE TARGET ELEVATION* PREVIOUS TERRAIN
C M4UST BE BLOCKING THE VIEWei TGT VISIBLE 1FF 4OW41 %LE* 0.o
C ZOLD ARRAr CONTAINI~NG ELEVATIONS FOR PREVIOUS SCAN CYRUNPEL) UP)*
C ZLATER WIILL BE ZOLD FOR NEXT SCAN LINE
C xDy CCORDINATES OF INTERSECT OF 08B"%-TGT LINE WITH ZOLD SCAN*
C Z INTERPOLATED ELEVTOIN CORRESPOUDING TO POINT (XY)
C RE RADIUS OF THE EARTH IN METERSIc C PRIME PROJECTION~' OF Z TO TGT POINT

DIMENSION ZULD(X)b ZLATEk'&.M)
COMMON CRrDR
COMMON iSEEI XO8S* YOZ3S# HOBS# OBTRAIJ
LOGICAL QUADIt', QUADIDs, QUADZUiP QUAD20, QUAD3UP QUAD3D,

* QUAD4U# QUA04D
RL - 6378329*
DX - TGT - XOB5
DY -YTGT -YOBS

C VC~FINE Xs Yrs Z AOTEP DTERMINING WHICH PORT.10H OF WHICH QUADRANT
C YOUR TARCET IS .N (3 POSIBILITIES)

QUAD1U & (DX aGE4 0a) *AND*;(DY st,'Do0) *AND* (DX @LI. DY)
IF(eNOT.. QUAU3.U)Gt3 TO 150
X a DX*(DY-GKIDk)IOY + XODS
Y -YTGT - GnIDR
Z a (l-OX/DY)ý'ZLATER(ITGT-1) +(DX/DY)*ZOLi)(ITG"1-1)
GO TO 5Un

C ***
&.50 QUADlD -(DX oGE.o Omi sANDsi (DY gGe .) ANDo (DX sGE@ DY)

Z a :~~X*oLiTT + (DY/DX;*ZOLD(ITGT-1)

IF(oNUT,' CUAD2iI6O TO 250
X a 0Xk(DY-GRIDP.)/DY + X3BZ
Y - YOT - GRIDR
Z - 4lDX/DY)*ZLATEPRClTGT-1) C' DX/DY)%*ZO3LD(ITGT-2L)H GO TO 500

C ***

250 QUADZ.' a IDX *LT* 0s) *AND,. 1DY .tG.~ C.t) *AND,% (-fX *GEo 00 I
A'Ft*Z;Toi (jU.i'DZD)GO TO 300
X - XTGT + GRIDR
m DY*(Dv+GRIDRI/DX + 'rOBS

Z a C14DYIDX:*LrLD(ITGTl (DY/DX)*zoLD(ITGT-1,)
GO TO 500L ~~~C *** *x~

300 Q'JAD3U w iDX sL'. 0.) 9 ANDs. (DY *L!.- 0.) oANDc (DX sLT. DY)
IF(sNOT.I QUAD3U)GO TO 350

Y - DY*(flX+GRIDR)IDX + YOBSSI
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Z * C)-DY/DX)*ZOLD(ITGT) *(DY/DX)*ZOLD(ITGT,1)
GO TO 500

C*4
350 QUAD3D a CDX *LT* 0.)3 *ANDef (DY *LTai Os) *AH. IMX #GE* DY)

IF(eHOT.IQUAD3D)GO TO 400 -
X a DX*CDY*GRIDR)IDY + XOBS
Y - YTGT + GRIORI
Z a (L-DXIDY)*ZLATER(ITGT+l) +(DX/IW)*Z0LD(ITGT+I)A
GO TO 500

400 QUAO4U - (DX eGE* 0.) *Al4D.(DY *LT* 0.) .AND* (DX tGTs -DY)
IV-(,NOTi QUAD4U)GO TO 450

XaXTGT - GRIDP.
Y w DY*(DX-GRIDR)/DX + YOBS
Z - C1,DY/DX)*ZOLD(ITGT) - (DY/DX)*ZOLD(ITGT+1)
GO TO 500

C 4** QUAD4D
450 X m DX*(DYI-GRIDR)/DY + XOBS

Y - YTGT + GRIOR
Z a (LDX/DY)*ZLATER(ITGT+1) - (DX/DY)*ZOLD(ITGT+I)

500 CONTN~UE
C *
C CA.LCULATE THE PROJECTIUM or Z ONTO THE- TAPGET POSITION

RZ m SQRTC(X-XOBS)**Z + (Y-YOBSI**Z)

PRT a SC)RT((XTGT-XOBO)**?Z + (YTGT-YOBS)**2)I
A a (CRE4.Z)*COS(RZ/RE)-RE-HOBS-UBTRANi) I ((RE+Z)*SIM(RZ/RE))
XF'RIME n B / (COT(RT/RE)-A)
YPPIME - COT(PT/RE)*B / (COT(RT/RE)-A)
ZPRIIIE - SQRT(XPRIjiE4** + YPRIME**Z) -REI
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APPENDIX A3
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Appendix BI

Calculation of Critical Horizon Coordinates

In determining whether a target position is in-view or out-of-

view the first step is to consider the effect of intervening terrain.
This is done by finding where the observer-target line intersects the
closest line of known horizon values (as illustrated in Figure B1-1).
This intersection location is referred to as (X,Y). To find the horizon
value, Z, at (X,Y), one need only interpolate between the closest hori-
zon values on the horizon scan, pictured as ZI, Z2.

The problem of solving for X,Y, and z breaks into eight cases
(illustrated in Figure B1-2). These cases are determined by the relation-
ship between the coordinates of the target and those of the observer.

Considering a pair of axes with origin at the observer position,
each quadrant has been divided into two sectors. Targets in one sector
have an observer-target line slope whose absolute value is less than or
equal to one. In the other sector the absolute value of this slope is
greater than one. The reason for this division will be explained by
the following two examples.

Selecting quadrant 1, X, Y, and Z will be determined for the
area where XTGT ý XOBS, YTGT ? YOBS and (XTGT - XOBS) ý (YTGT - YOBS).
(See Figure B1-3.)

Letting GRID be the grid of the map data X = XTGT - GRID, since
the horizon is one scan away. Knowing X, we can solve for Y from the
equation of the observer-target line:

Y (YTGT-YOBS) (XTGT-XOBS-GRID) + YOBS.
(XTGT- XOBS 

+

It remains to solve for Z. Consider the target to be the ITGTth
position on a scan and ZOLD to be an array containing old horizon values.

Let DX = XTGT-XOBS and DY = YTGT-YOBS.

Then linearly interpolating,DY ,Dv

Z = (I - L-) ZOLD (ITGT) + •--• ZOLD (ITGT-1)

Now consider a target in the upper portion of quadrant 1, where
XTGT 1 XOBS, TYGT Ž YOBS and (XTGT-XOBS) < (YTGT - YOBS). See Figure B1-4.)
In this example the closest line of known horizon values is formed by ZOLD
(ITGT--I) and ZLATER (ITGT-1) rather than by two old horizon values. In this
case Y = YTGT - GRID

X = DX (DY-GRID) + XOBSDY D
(Z - DX) ZLATER (ITGT-1) + 4,) ZOLD (ITGT-1)

DY b

Where DX, DY and GRID are as defined in the previous example. Similarly,
equations for X, Y, and Z may be derived for each of the eight sectors,
as indicated in Figure B1-5.
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I I I

(XTGT,YTGT)

Zi (X,Y)

(XOBS ,YOBS)

HORIZON SCAN
Figure BI-l
Locating Intersection of Observer - target line with
Closest Horizon Values
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XTGT < XOBS XTGT > XOBS

YTGT > YOBS YTGT > YOBS/

-(XTGT-XOBS)< (YTGT-YOBS) CXTGT-XOBS) (YTGT-YOBS) /

XTGT <XOBS/ XTGT > XOBS
YTGT < YOBS N YTG'I -YOBS
Q(XTGT-XQBS) <(TTYB) (XTGT-XOBS) >-(YTGT-YOBS)

XTGT < XOBS (OS QS XTGT > XOBS

(X TGT-<XOBS) YTGT < YOBS
CXG-OS YTGT-YOBS) (XTGT-XOBS) <- (YTGT-YOBS)

Figre l / EightCase forComptingXY1
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ZOLD SCAN "

(CURRENT HORIZON)

IG/

x~y) ITGT

/

ZLATER SCAN

, (FUTURE HORIZON

(XOBS, YOBS)

I I I* 2

Figure B1-3'

Solving for X,Y,Z when XTGT - XOBS, YTGT > YOBS AND
(XTGT - XOBS) ? (YTGT - YOBS)
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ZOLD SCAN

(CURRENT HORIZON)

(XTGT, YTGT)

/ * ITGT-2

- ZLATER SCAN

(FUTURE HORIZON)I

(XOBS,YOBS)

se

* 2

Figure Bl-4

Solving fo~r X,Y AND Zwhen XTGT >XOBS, YTGT LYOBS and

XTrGT -XOBS) < (YTG'V YOBS)
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Figure 31-5 t
Eq(,i.doa for XY.. for &he ITGZ. Target Position on a Scan 'Eight Possible Cases)

"U l . XDY- GRID)1D ZLATER(ITGT-]j
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DXDY \A

I2U DLATER CITGT-1
DX<0 D~y-GRID) XB YTGT-GRID (~lY +-1)
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"DY'O DX 1A /y
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Appendix B2

In Appendix BI, a method was shown for calculation of x, y, and z, where
(x. y) is the iAtersection of Lhe observer-target line with the last running
horizon line and z is the horizon elevation at the position (x, y). This
Appendix describes the method for projecting the horizon elevation to the
target position. It is at this tir me that earth curvature is introduced into
the line of sight calculations.

Letting RE - the radius of the earth

E0B= the elevation of the observer

H the height of the observer
OB

R the range to the horizon line from the observer
Z

and R = the range to the target from the observer
Tthe situation might be drawn as follows:

(ORE + HOB + EOB) (RE+Z, f/2 -Rz/RE)

EOB + H OB

S(V, W)

R'

B-.

-, ,J
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Now
Z: V7 + W2 - R E

so if we can determine values V and W, we can find Z

But (V,W) is simply the intersection of lines (0,0) - (V,W)

and (0, R + HOB+ EO) - (V, W).

The equation for (0,0) - (V,W) is

Y' = AX' + B

where
B=0

A = tan (11/2- (RT/RE)) =cot (RT/R)

And the equation for line (0,RE + HOB+ EOB) -(V, W) is

Y' = A'X'+B'

where
B' = RE + HOB + EOB

and (RE + Z) cos (R ) - (RE 4- HOB + EOB)
(RE + Z)sin (RZ/R)

(E E

Solving these two line equations simultaneously, then, for V and W

B'

V cot (RT/RE) - A'

cot (RT/RE) B'
W E

cot ("T/RE) - A'

with A' and B' as defined above. I
The next page is blank
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APPENDIX C I

The Time Complexity for an NXN Map Using the LOSMAP Algorithm

F A

Consider a Map with N scan lines, and N points per scan line and an ob-
server at a point such than n scan lines are to his "left" and m points
on each scan are below him.

In example above, N = 7
n=2

m 3

If a calculation has to be made each time a profile crosses either a
vertical or horizontal scan line, how many calculations have to be made
to compute a LOSMAP?

There are N-n scan lines to the right of the observer. The first
one (the one immediately to the observer's right) requires N crossings of
vertical scan lines (one for each point on the scan); the second requires
2N crossings of vertical scan lines, etc. for a total number of crossings
of

N + 2N + 3N + .... + (N-n) N

= N U +2+3+ ... + (N-n)3
= N (N-n)(N-n+I)

There are n scan lines to the left of the observer.

The total number of crossings of these is

N + 2N + .... +nN

N (1+2+....+n)

=Nfh~n+1)3

C-2
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Therefore the total number of crossings of vertical scan lines is

S{(N-n) (N-n+l) + n(n+1)}

Iv = N {N 2-nN+N-nN+n 2 n+n +n
2=N {N2+N+2n 2 -2nN)

2

= N {N 2+N+2n (n-N)}

Now 2n (n-N) is most negative when n = N/2,

Since f (n) = 2n2 - 2nN

f'(n) = 4n - 2N

Setting 4n - 2N = 0, n /2

So f(n) has its minimum or maximum at N/2
But f"(N/2) = 4>0 so f(n) is minimal when n N/2.

So nr._ > /2 {N + N + 2(N/2) (-N/2)}

N 2N N
> N12 {N2 /2 + N)

> N3/4 ý N2/2, order N3

We iiave only lcoked at vertical scan lines. There are as many again
crossings of horizG.ntal scan lines, (similar analysis using m in place
of n). This essentia'ily~doubles the number of calculations, but it
still remains of order N' for a map with minimum crossings; that is, of
order >N3 .

There are always less than 2N crossings (horizontal and vertical) for
each of the N target positons, so the order is <NJ.

3Therefore the order is N for the LOSMAP algorithm.
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